
G enleaf 
POWER 
February 12, 2019 

Director, Air Management Division 

Attention: A-3-3 

U.S. Environmental Protection Agency 

75 Hawthorne Street 

San Francisco, California 94105-3901 

Subject: Desert View Power 2018 Test Plan for Emissions 

Performance Test 

R: A-3-1 

NSR 4-4-11 

SE 897-01 

Dear Sir: 

Enclosed is our test plan for the 2019 Emission Performance 

Testing which is being submitted for your approval. We are 

planning to conduct testing during the week of March 18, 2019. 

If you have any questions, please contact me at (760) 262-1653 

direct line or (760) 396-2554 ext 115 general line. 

Sincerely, 

James Russell 

Vice-President of CA Operations/Plant Manager 



U.S. Environmental Protection Agency 

Attention: A-3-3 

Page 2 

encl. 

cc: Air Pollution Control Officer 

Attention: Mr. David Jones AQAC Supervisor 

SCAQMD FILE #100154 

South Coast Air Quality Management District 

21865 E. Copley Drive 

Diamond Bar, California 91765-4182 

Chief, Stationary Source Division 

California Air Resources Board 

P .0. Box 2815 

Sacramento, CA 95814 

Air Division, Director, U.S. Environmental Protection Agency 

Attn: AIR-5 

75 Hawthorne Street 

San Francisco, California 94105-3901 



TEST PLAN FOR 
2019 EMISSIONS PERFORMANCE TESTING AT 
THE DESERT VIEW POWER PLANT 

Prepared For: 

Desert View Power 
62-300 Gene Welmas Dr. 
Mecca, California 92254-0758 

For Submittal To: 

South Coast Air Quality Management District 
21865 Copley Drive 
Diamond Bar, California 91765-4178 

Prepared By: 

Montrose Air Quality Services, LLC 
1631 E. St. Andrew PL. 
Santa Ana, California 92705 
(714) 279-6777 

Dave Wonderly 

Production Date: February 12, 2019 
Document Number: 002AS-541589-PP-169 



Desert View Power 
2019 Emissions Performance Test Plan 

CONFIDENTIALITY STATEMENT 

Except as otherwise required by law or regulation, this information contained in this 
communication is intended exclusively for the individual or entity to which it is addressed. 
This communication may contain information that is proprietary, privileged or confidential 
or othe,wise legally exempt from disclosure. If you are not the named addressee, you are 
not authorized to read, print, retain, copy, or disseminate this message or any part of it. 
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REVIEW AND CERTIFICATION 

I certify that, to the best of my knowledge, the information contained in this document is complete 

and accurate and conforms to the requirements of the Montrose Quality Management System 

and ASTM D7036-04. 

Signature: ~...;_t1 h/~ Date: ______ 2_/_12_/_20_1_9 _____ _ 

Name: Dave Wonderly Title: Client Project Manager 

I have reviewed, technically and editorially, details and other appropriate written materials 

contained herein. I hereby certify that to the best of my knowledge the presented material is 

authentic and accurate and conforms to the requirements of the Montrose Quality Management 

System and ASTM D7036-04. 

Signature: ----11Wt1----'----=-...&.P\_e.___.c __ ,.,..=---- Date: ______ 2_/_1 _2/_2_0_1 _9 _____ _ 

Name: Matt McCune Title: 
------------ Regional Vice President 
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1.0 INTRODUCTION 

Montrose Air Quality Services, LLC (MAQS) has been contracted by Desert View Power to 
conduct annual emissions compliance testing on two Fluid Bed Boilers, and a relative accuracy 
test audit (RATA) of the continuous emissions monitoring system (CEMS) at the Desert View 
Power Plant located in Mecca, California. MAQS will conduct testing to comply with U.S. 
Environmental Protection Agency Operating Permit NSR 4-4-11 ;SE 87-01 including amendments 
through August 14, 2003: 7th Amendment Title V permit to operate CB-OP 99-01 dated 8/1/2000 
and 40 CFR 60, Appendix F. This test plan presents the testing procedures, a description of the 
sample locations and a summary of quality assurance procedures. 

David Wonderly will coordinate the testing for MAQS and can be reached at (714) 279-6777. The 
on-site test team will consist of a Project Manager whose responsibilities include interfacing with 
facility personnel, operating the mobile emission measurement laboratory, and performing data 
entry as well as Technician(s) responsible for all stack responsibilities. A Qualified Individual, as 
defined in ASTM D7036-04, will be on-site for all methods performed. 

Emissions tests will be performed on each Biomass fired boiler as specified in the permit for: 

• Particulate 

• NOx, CO and SO2 

• Hydrocarbons 

• Hydrogen Chloride (HCI) 

• Method 19 F-Factor Using ASTM D6323 and ASTM E711 for Fuel BTU/lb 

• Volumetric Flow Rate 

• Oxygen and Carbon Dioxide concentration 

• Flue gas moisture content 

A relative accuracy test audit will be performed to satisfy the requirements of 40 CFR 60, Appendix 
F, as part of the quarterly CEMS testing. The Continuous Emissions Monitoring System (CEMS) 
Relative Accuracy Test Audit includes NOx, CO and SO2. 
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2.0 UNIT DESCRIPTION 

The Desert View Power Plant consists of two 297 MMBtu/hour, circulating bed, biomass-fired 
boilers, and combined unit are designed to produce 4 7 MW of net electrical output. Each unit is 
equipped vvith the following pollution rontrol systems: 

• An ammonia injection system for control of NOx emissions; 

• Cyclonic mixing of injected ammonia with flue gas to provide for a minimum 
amount of ammonia slip (emission); 

• A limestone injection system to limit emissions of SO2; 

• A hydrated lime injection system to limit emissions of HCL; 

• A reverse air baghouse to restrict opacity and emissions of sulfates and 
particulate to very low levels. 

The plant CEM system for each unit includes measurements of NOx, CO, 02, 02 wet, SO2, CO2, 
flow and opacity. It is an extractive system with a heated line extending from the probe to the CEM 
unit. Table 2-1 presents the current CEMS configuration. 

Species 

NOx 

co 

02 Dry 

SO2 

CO2 

O2Wet 

Flow 

Opacity 

TABLE 2-1 
CONTINUOUS EMISSION MONITOR SYSTEM 

DESERT VIEW POWER PLANT 

Manufacturer 

CAI 

CAI 

CAI 

CAI 

CAI 

AMETEK 

Diet Greg Standard 

Monitor Labs 

Model 

ZRE-5 Multi Component Analyzer 

ZRE-5 Multi Component Analyzer 

ZRE-5 Multi Component Analyzer 

ZRE-5 Multi Component Analyzer 

ZRE-5 Multi Component Analyzer 

Thermox 2000 

Lighthawk 560 

002AS-541589-PP-169 6 of 94 

Range 

100 and 500 ppm 

100 and 500 ppm 

25% 

50 and 500 ppm 

20% 

25% 

Msdcfh 

100% 



Desert View Power 
2019 Emissions Performance Test Plan 

2.1 SAMPLE LOCATIONS 

Samples will be collected from the transition ducts to the stack. Carnot Technical Services, Inc. 
conducted three dimensional flow testing and stratification testing on the transition exhaust ducts 
on each unit. This testing vvas conducted in accordance to SCAQMD chapter X section 1 and 13 
and will be presented in the report titled "Stack Gas Stratification and Absence of Flow 
Disturbance Testing at Desert View Power Mecca Project" (R106E622T) submitted to SCAQMD 
in October of 1994. The sample locations met all the requirements. Copies of the results from that 
report can be found in Appendix B .All testing for both Unit 1 and 2 will be done at the sample 
location presented in Figure 2-1. 

FIGURE 2-1 
DESERT VIEW POWER SAMPLE LOCATION 

Stack 

0 A AO 
0 B B 0 

Unit2 
0 C co 
0 D D 0 

Unit 1 

0 E E O 
0 F F 

Facing South 

2.2 UNIT OPERATION 

The tests will be conducted at or near maximum steady state unit load conditions. Limestone 
injection rate, fuel combustion rate, ammonia injection rate, ash handling operationsf excess air 
level, combustion air distribution, and combustion temperature will all be set to maintain stable 
unit operation. Pertinent operating conditions will be recorded by Desert View Power personnel 
during the tests. Full load will be defined as greater than 267 MMBtu/hr of total (biomass and 
natural gas) heat input to the boiler. 
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3.0 TEST PROCEDURES 

The test procedures to be used are listed in Table 3-1. Part of the gaseous plant emissions 
performance testing data will be used for CEMS RATA determinations. A minimum of nine 
reference method tests are required for all gaseous species relative accuracy (RA) 
determinations. 

TABLE 3-1 
PROPOSED TEST MATRIX PER UNIT 

DESERT VIEW POWER MECCA PROJECT 

Parameter No. of Tests Measurement Principle Reference Method Duration per Test 

NOx 9(1) Chemiluminescence EPA ?E 60/30 minutes 

co 9(1) Non-Dispersive Infrared EPA10 60/30 minutes 

O2/CO2 9(1) Non-Dispersive Infrared EPA3A 60/30 minutes 

PM 3 Gravimetric EPA5 90 minutes 

SO2 9(1) Barium Thorin Titration EPA6 60/30 minutes 

Hydrocarbons 2 GC/FID SCAQMD 25.3 60 minute composite 

HCL 3 Ion Chromatography EPA26A 
120 minutes, minimum of 2 
DSCM of sample volume 

Fuel Sampling Daily ASTM 06323 Composite hourly samples 

Fuel Btu/lb Daily ASTM E711 Composite hourly samples 

Fuel Moisture Daily ASTM D3173 Composite hourly samples 

Fuel Chlorine Daily ASTM E776 Composite hourly samples 

Stack Gas Flow Rate S-Type Pitot Traverse EPA2 

Moisture Condensation/Gravimetric EPA4 

(1) Includes compliance and RATA test runs. 
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3.1 CONTINUOUS GASEOUS MEASUREMENTS 

NOx, 02, CO2 and CO will be measured according to EPA reference methods using MAQS 
continuous emissions monitoring system (CEM). NOx, 02, CO2 and CO concentrations will be 
determined using MAQS mobile emission measurement laboratory. The laboratory is housed in 
an 18 foot trailer outfitted to provide a clean, quiet, environmentally controlled base for the testing 
operations. The laboratory has lighting, electrical distribution, air conditioning and heating to 
support the test instruments and provide for optimal test performance. 

Concentrations of these gaseous species are measured using an extractive sampling system 
consisting of a heated stainless steel probe to minimize reactions, a heat traced Teflon sample 
line connected to a thermo-electrically cooled sample dryer. Following the dryer, the sample is 
drawn into a Teflon lined pump where it is pressurized and then filtered for delivery to the gas 
analysis portion of the system. Gaseous samples will be collected at a single point. Three 
minimum 60-minute compliance tests will be performed. 

NOx concentration is determined using a California Analytical Instruments (CAI) 
chemiluminescence analyzer (model 600 Series). The analyzer has full scale ranges from 2.5 to 
10,000 ppm. The analyzer is equipped with a vitreous carbon NO2 - NO converter for the 
determination of total nitrogen oxides without interference from other nitrogen containing 
compounds. 

Oxygen concentration is determined using a AMI electro-chemical cell analyzer (model# 201). 
The analyzer has three full scale ranges; 0-5%, 10%, and 25%. The cell contains an electrolytic 
fluid that reacts with oxygen to generate an electrical signal proportional to the concentration. 

CO2 is measured using a non-dispersive infrared analyzer manufactured by CAI (model # 100 
Series). The analyzer has full scale ranges of 0-5%, 10%, 20% and 40%. 

CO is measured using a non-dispersive infrared/gas filter correlation analyzer manufactured by 
TECO (model# 48i). The analyzer has user definable full scale ranges from of 0-10 to 0-10,000 
ppm. 

The analyzers and sampling system are subjected to a variety of calibration and quality assurance 
procedures including leak checks, linearity and calibration error determinations before sampling, 
and system bias and drift determinations as part of each test run. Data are corrected for any 
observed bias or drift in accordance with the reference methods. 
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3.2 PARTICULATE MEASUREMENTS 

EPA method 5 sampling system will be used to measure the particulate emissions from both 
Desert View Power units. The sampling system consists of a nozzle, glass probe, 250°F heated 
filter, two impingers containing DI water, a third empty impinger and a fourth impinger containing 
silica gel. 

The analysis for particulate is summarized in Table 3-2. Gravimetric Analysis will be performed 
on the probe/nozzle wash and filter. 

TABLE 3-2 
EPA METHOD 5 ANALYSES 

Sample Component 

Probe and Nozzle (Front 1 /2) 

Heated Filter (83 mm) 

3.3 SULFUR DIOXIDE 

Analysis Procedure 

Eva poratio n/g ravim etric 

Bake/gravimetric 

Sulfur dioxide will be measured according to EPA Method 6. The first three runs will be 60 minutes 
and will be used to demonstrate compliance and as RATA runs. Subsequent RATA runs will 
consist of 30 minute tests per the Methods. A barium thorin titration of the hydrogen peroxide 
impinger samples will yield SO2 concentrations for nine relative accuracy test runs. The sample 
system will consist of a heated glass probe connected to the impinger train with an un-heated 
Teflon sample line. All the unheated portion of the sample train will be recovered and analyzed. 
Prior to the titrimetric analysis, all SOx samples will pass through an ion exchange resin. This 
removes interference associated with ammonium (NH4+). The Method 6 train will not include the 
IPA impinger, which is provided in the method as an option. The H2O2 will absorb both SO2 and 
SQ3 (if any). SQ3 will be counted as SO2. 

3.4 HYDROCARBON 

Samples for hydrocarbon analysis will be collected in clean 6-L Summa Canister and mini water 
impingers and analyzed according to SCAQMD 25.3. The samples will be analyzed by AtmAA 
Inc. in Calabasas, CA using TCA/FID or other qualified laboratory. Results will be reported as 
total non-methane hydrocarbons as carbon. 
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3.5 HYDROGEN CHLORIDE MEASUREMENTS 

Triplicate hydrogen chloride (HCI), samples will be collected using EPA Method 26A. Sampling 
and analysis for HF and Cl2 which is included in EPA Method 26A will not be performed. 
The sampling train consists of: 

• A glass nozzle and heated glass probe heated to between 248°F and 273°F 

• A Teflon Mat or quartz out-of-stack filter in a glass filter holder heated to 248°F ± 
25°F 

• Two impingers containing 100 ml of 0.1 N H2SO4 for collection of HCI 

• One empty impinger 

• An impinger containing si6ca gel 

Samples are withdrawn isokinetically from the stack. The Teflon Mat or quartz-fiber filter collects 
particulate matter. The acidic absorbing solution collect gaseous HCI and is analyzed for HCI by 
ion chromatography. 

The samples are recovered in the following sample fractions: 

1. Back half of filter holder, H2SO4 lmpinger Catch - Weighed for moisture content 
and recovered with DI water into pre-cleaned HOPE bottle. 

2. The filter and probe wash will not be recovered for this test program. 

Quality assurance samples collected in the field are: 

• A field blank 

• A reagent blank: 200 ml of 0.1 N H2SO4 

• A reagent blank: 200 ml of DI water 

The samples will be analyzed by ion chromatography by AAC in Ventura or other qualified 
laboratory. 

3.6 VELOCITY AND MOISTURE 

Stack gas velocity and moisture content will be determined by EPA Methods 2 and 4 during the 
particulate test. Velocity traverses will be performed during each set of compliance tests (NOx, 
CO, SO2 and hydrocarbons) and for each RATA run. 

3.7 FUEL ANALYSIS 

Daily fuel samples will be collected by Desert View Power personnel. Hourly samples will be taken 
and composited by the lab prior to analysis. Sampling will be consistent with ASTM D6323 sample 
collection methodology. MAQS will send the samples out to be analyzed for higher heating value 
for heat rate calculations, for Btu/lb for calculating the HCL emissions in lb/MMBtu using ASTM 
E711, for moisture content using ASTM D3173 and for chlorine content using ASTM E776. Copies 
of the analysis will be included with the final report. 
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3.8 RELATIVE ACCURACY TEST AUDIT 

Relative Accuracy tests will be performed for NOx, SO2, CO and 02 on sub systems of each unit's 
CEMS. Relative accuracy is determined by comparing the CEMS data to the correspondirg 
reference method (RM) data over nine to twelve test runs. Nine 30-minute minimum tests will be 
performed for the NOx, SO2, CO, and 02 relative accuracy. Relative accuracy is expressed in 
terms of the absolute value of the mean of the difference between the monitor value and the 
reference method value. It is reported in terms of a percentage of the mean reference method 
value. The computational procedure is summarized by the following equations: 

I 

( 

n )2 2 
IA 

I,d;2 __ 1_·=1 __ 

Sd = i=I n 
n-1 

RA= ldl+lccl xl00 
RM 

The RA will be determined for the monitoring systems in parts per million dry (ppm) and lb/hr. 
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3.9 TEST SCHEDULE 

The scheduled test dates have been set for March 19- March 22, 2019 for compliance and RATA 
testing. A proposed test schedule for on-site testing activities is shown in Table 3-3. This schedule 
is based on the number of tests and the required sample times. 

Date Unit No. Test No. Type of Test 

3/18/2019 1 Set-up 

3/19/2019 
1-3 PM, 1-3 HCL Particulate Tests 1-3, HCL Tests 1-3 CEMS RATA and 

1-3 Comp RAT A testing Compliance NOx, SO2, CO &VOC Tests 1-3 Fuel Samples 

3/20/2019 1 RAT A testing Continued CEMS RATA 

3/21/2019 2 
1-3 PM, 1-3 HCL Particulate Tests 1-3, HCL Tests 1-3 CEMS RATA and 

1-3 Comp RAT A testing Compliance NOx, SO2, CO &VOC Tests 1-3 Fuel Samples 

3/22/2019 2 RAT A testing Continued CEMS RATA 
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4.0 REPORTING 

MAQS will prepare a comprehensive emissions report that includes all raw data and calculations 
for the test program. The test format is presented in Table 4-1. The test report will be submitted 
within 45 days from completion of testing. 

TABLE 4-1 
REPORT FORMAT 

Title page 
Report Title 
Prepared For 
For Submittal To: 
Author and reviewer names 
Test Dates and Report Issue Date 
Report Number 

Review Page 
Signatures of person who prepared the report and signature of person who reviewed the report 

Table of Contents 

Introduction and Summary 
Identifies the client, source, reason for the test, test date(s), test personnel, client/source personnel, regulatory 
observers 
Summarizes the results of the test, indicates applicable rules and pass/fail criteria and makes a statement 
regarding the test results 
Outlines the organization of remainder of the report. 
Table of analysis results 

Unit Description 
Describes the process which was tested 
Describes any applicable control equipment 
Test conditions 

Test Description 
Test methods, replicates, duration, calculations 
Test locations 
Test critique 

Results 
Re-states the results of the test and makes a statement regarding compliance with applicable regulations 
Results tables with more detail on individual test runs and supporting data 

Appendices 
A. Test and Laboratory Data 

1. Test Location 
2. Test Data {by type) 
3. Quality Assurance Data 

a. Certification 
b. Equipment Calibration 
c. Calibration Gas Certificate 
d. Chain of Custody 

B. Process Operating Data 
C. Measurement Procedures 
D. Calculations 
E. Instrument Strip Charts 
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APPENDIX A 
QUALITY ASSURANCE AND CERTIFICATIONS 
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QUALITY ASSURANCE PROGRAM SUMMARY 

As part of Montrose Air Quality Services, LLC (MAQS) ASTM D7036-04 certification, MAQS is 
committed to providing emission related data which is complete, precise, accurate, 
representative, and comparable. MAQS quality assurance program and procedures are designed 
to ensure that the data meet or exceed the requirements of each test method for each of these 
items. The quality assurance program consists of the following items: 

• Assignment of an Internal QA Officer 

• Development and use of an internal QA Manual 

• Personnel training 

• Equipment maintenance and calibration 

• Knowledge of current test methods 

• Chain-of-custody 

• QA reviews of test programs 

Assignment of an Internal QA Officer: MAQS has assigned an internal QA Officer who is 
responsible for administering all aspects of the QA program. 

Internal Quality Assurance Manual: MAQS has prepared a QA Manual according to the 
requirements of ASTM D7036-04 and guidelines issued by EPA. The manual documents and 
formalizes all of MAQS QA efforts. The manual is revised upon periodic review and as MAQS 
adds capabilities. The QA manual provides details on the items provided in this summary. 

Personnel Testing and Training: Personnel testing and training is essential to the production of 
high quality test results. MAQS training programs include: 

• A requirement for all technical personnel to read and understand the test 
methods performed 

• A requirement for all technical personnel to read and understand the MAQS QA 
manual 

• In-house testing and training 

• Quality Assurance meetings 

• Third party testing where available 

• Maintenance of training records. 

Equipment Maintenance and Calibration: All laboratory and field equipment used as a part of 
MAQS emission measurement programs is maintained according to manufacturer's 
recommendations. A summary of the major equipment maintenance schedules is summarized in 
Table 1. In addition to routine maintenance, calibrations are performed on all sampling equipment 
according to the procedures outlined in the applicable test method. The calibration intervals and 
techniques for major equipment components is summarized in Table 2. The calibration technique 
may vary to meet regulatory agency requirements. 

Knowledge of Current Test Methods: MAQS maintains current copies of EPA, ARB, and 
SCAQMD Source Test Manuals and Rules and Regulations. 
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Chain-of-Custody: MAQS maintains chain-of-custody documentation on all data sheets and 
samples. Samples are stored in a locked area accessible only to MAQS source test personnel. 
Data sheets are kept in the custody of the originator, program manager, or in locked storage until 
return to MAQS office. Electronic field data is duplicated for backup on secure storage media. 
The original data sheets are used for report preparation and any additions are initialed and dated. 

QA Reviews: Periodic field, laboratory, and report reviews are performed by the in-house QA 
coordinator. Periodically, test plans are reviewed to ensure proper test methods are selected and 
reports are reviewed to ensure that the methods were followed and any deviations from the 
methods are justified and documented. 

ASTM D7036-04 Required Information 

Uncertainty Statement 

"Both qualitative and quantitative factors contribute to field measurement uncertainty and should 
be taken into consideration when interpreting the results contained within this report. Whenever 
possible, Montrose Air Quality Services, LLC (MAQS) personnel reduce the impact of these 
uncertainty factors through the use of approved and validated test methods. In addition, MAQS 
personnel perform routine instrument and equipment calibrations and ensure that the calibration 
standards, instruments, and equipment used during test events meet, at a minimum, test method 
specifications as well as the specifications of our Quality Manual and ASTM D 7036-04. The 
limitations of the various methods, instruments, equipment, and materials utilized during this test 
have been reasonably considered, but the ultimate impact of the cumulative uncertainty of this 
project is not fully identified within the results of this report." 

Performance Data 

Performance data are available for review. 

Qualified Personnel 

A qualified individual (QI), defined by performance on a third party or internal test on the test 
methods, will be present on each test event. 

Plant Entry and Safety Requirements 

Plant Entry 

All test personnel are required to check in with the guard at the entrance gate or other designated 
area. Specific details are provided by the facility and project manager. 
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Safety Requirements 

All personnel shall have the following personal protective equipment (PPE) and wear them where 

designated: 

• Hard Hat 

• Safety Glasses 

• Steel Toe Boots 

• Hearing Protection 

• Gloves 

• High Temperature Gloves (if required) 

The following safety measures will be followed: 

• Good housekeeping 

• SOS for all on-site hazardous materials 

• Confine selves to necessary areas (stack platform, mobile laboratory, CEMS 
data acquisition system, control room, administrative areas) 

• Knowledge of evacuation procedures 

Each facility will provide plant specific safety training. 
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TABLE 1 
EQUIPMENT MAINTENANCE SCHEDULE 

Equipment Acceptance Limits Frequency of Service Methods of Service 

Pumps 1 . Absence of leaks As recommended by 1. Visual inspection 
2. Ability to draw manufacturer 2. Clean 

manufacturers required 3. Replace parts 
vacuum and flow 4. Leak check 

Flow Meters 1. Free mechanical As recommended by 1 . Visual inspection 
movement manufacturer 2. Clean 

3. Calibrate 

Sampling Instruments 1. Absence of malfunction As recommended by As recommended by 
2. Proper response to manufacturer manufacturer 

zero span gas 

Integrated Sampling Tanks 1 . Absence of leaks Depends on nature of 1 . Steam clean 
use 2. Leak check 

Mobil Van Sampling System 1 . Absence of leaks Depends on nature of 1. Chang filters 
use 2. Change gas dryer 

3. Leak check 
4. Check for system 

contamination 

Sampling lines 1. Sample degradation After each test series 1. Blow dry, inert gas 
less than 2% through line until dry 
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TABLE 2 
MAJOR SAMPLING EQUIPMENT CALIBRATION REQUIREMENTS 

Sampling Equipment Calibration Frequency Calibration Procedure Acceptable Calibration 
Criteria 

Continuous Analyzers 
Before and After Each 3-point calibration error 

< 2% of analyzer range 
Test Day test 

Continuous Analyzers Before and After Each 2-point sample system 
< 5% of analyzer range Test Run bias check 

Continuous Analyzers After Each Test Run 
2-point analyzer drift 

< 3% of analyzer range determination 

CEMS System Beginning of Each Day leak check 
< 1 in. Hg decrease in 5 

min. at> 20 in. Hg 

Continuous Analyzers Semi-Annually 3-point linearity < 1 % of analyzer range 

NOx Analyzer Daily NO2 -> NO converter > 90% 
efficiency 

Differential Pressure Correction factor based 
Gauges ( except for Semi-Annually on 5-point comparison to +/- 5% 

manometers) standard 

Differential Pressure 3-point comparison to 
Gauges ( except for Bi-Monthly standard, no correction +/- 5% 

manometers) factor 

Adjusted to mercury-in-
Barometer Semi-Annually glass or National +/- 0.1 inches Hg 

Weather Service Station 

Calibration check at 4 
Dry Gas Meter Semi-Annually flow rates using a NIST +/-2% 

traceable standard 

Calibration check at 2 
+/- 2% of semi-annual 

Dry Gas Meter Bi-Monthly flow rates using a NIST factor 
traceable standard 

Dry Gas Meter Orifice Annually 
4-point calibration for 

~H@ 

Temperature Sensors Semi-Annually 3-point calibration vs. +/- 1.5% 
NIST traceable standard 

Note: Calibration requirements will be used that meet applicable regulatory agency requirements. 
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South Coast 
Air ualitvJV\anagement District 
2186'.ii Cop!e:v Drive, Oi,Ync,nd B,v. (/\ 9 i 765 41 78 
i909, 396-2000 , \V',,vv,J i1qrncLguv 

!\fr. John Pdcrson 
M1111trose Air Quality Services. LLC 
! 63 ! E. Sai11t Andrew Place 
Santa An,t, CA 92705 

Subject: L;\ P Approval Notic,: 
Reiet\.·ncc # %Li\ 1220 

Dear \fr. Pdcrsmr 

Odobcr JO, 2() 18 

We have rcvic,vcd yuur renewal kHcr u1Hkr the S(iuth (\1asl Air Quality \fanagcmcnt District\ 
Labnra1ory Appronil Prngrmn {SCA()\H) I.AP). \Vear('. plcasi::d tn infrwm yuu ihilt :vour firm is 
apprm·cd for the period beginning Cktob\;T 30.2018. and ending Scptcrnbcr 30, 20 l 9 for the h}!!owing 
nH:thods. st1hjcd tn the n:quircmcnts in the LAP Conditinns For Approval Agreement and conditions 
!isled in the ;Htachment lo this letter: 

SCAQ!\ID i'victhods I-A S('A()f'v1D ~vlethods 5.1. 5 .2, 5 .J, 6.1 
SCA()\.1D !\.ktlH>ds l 0.1 and !00.1 SC/\QtvfD \.1ethods 2.5. l and 25.J (Sampling) 
USEPJ\ CTM-0.30 and ASTM D6522-00 SCAQMD Rule 1121/ l !46.2 Protocol 
SCJ\()MD Ruk l •1'20/l 420. Ii 1420.'.2 ( ! em!) Somte and Amhienr Sampling 

Your! AP :1pprova! w iwrkwm nhrogcn c,:dde ernissions compliance testing for SCAQf\-1D Rule 1121 i 
I !•16.2 Prnffn::t\lS indtKks satd!ik frici!itics located at: 

tvk.Kcnna Boiler 
l 5 l O North Spring Street 
1 os Angeles, Ci\ 90012 

Nori!/ :\merka Corp. 
l l l 60 (i rncc A venue 

Fountain Val Icy. CA 92708 

Ajax Boiler, Inc. 
270 l S. Hnrhor Blvd. 
Santa AM, CA 9270-:f 

l'hnnk you for participating in the SCA()l\tD r i\P. Your ce>opcrnli(.lll helps us to achieve tile goal nf the 
L/\P: to maintain high s1nndards of quality in th1..: ~amp ling and analysis uf source emissions. You may 
direct any question:; or inl{)f'l1Wtion to LAP Co, ,rdinntor. Oknn Kasni. He may be reached by telephone 
at (909) N6-2271, or via e-mail at gkasai(i:i'<1(J11ld.gov. 

,\11'.is:hmcnt 

002AS-541589-PP-169 

Sin.:crely. 

Dipankar Sarkar 
Program Supervisor 
Sci1trc0 Test Engineering 
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State of California 

Air Resources Board 
Approved _lod~p~ndentContractor 

l\tlontntse Air Qtjali~ySer'\:ices, L LC 

This is to certifyth~ftR~f9Q1i?(lf)~Ji~t~~,~~~~~fla$.qeen approved 
by the California .0\!!: R~SOtl!C~~ff~i,c;,~(Il~9~e!compliance testing 
pursuant to CaHfomi~Gg<l,:9t ~!~W1fio?,e1J\~r1-?,:9ection 91207, 

through Jun~ 30, 202Pi for foos;J:;f!~f .me~~p~• listed below: 

~t Mtidtitds: 
11~~3~4( ... 8;17i~O" 

lOO'(Cd~ \4<l:uNOi~Oi{S(>$~ Tfl(:') 

Dr. Michael T Benjamin. Criref 
Monitoring and Laboratory Division 
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State of California 
Air Resources Board 

Approved f ndependentContractor 

Montrose Air :Q~~liJ;Y Scnrfo~s,. L LC 
;: .. ::_•·:'.,.,·., ·.,.. '. 

This is to certif}'tha:f,!n~,9~.Qjf?,•Qtf!~iilp·~~'!:~ ha.a.~een approved 
by the California Ai['. ~!SOU!:€:~ 89~r~·J~ ~oocl~clcornplianca testing 
pursuant to CaHforni~ GQdi pf R~t.rltlUOrt$•i .. 1:-z 1)section 91207' 

through June$0\.202Q, fort' ds,J[sted below: 

t.l.S. EPASo~rce 'f~~·¥ti~1Hls}tf{~:202;.tuii 205 
Visiflk/f;ntissions fl'.'1(:duat~Oll 

/''?·· ... :.•.· ... · ··••····; :.,;'.~>···. 
,l/,l . r,, . fr F"S,'.;;,> !• A 

I l/9?',• ·, ..... (.-;~;AJ(. r::~~--n~f~ .,,,0\ ........ --•~.,,, 

Or Michael T. Benjamin, C~f 
Monitoring and Laboratory Division 
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American Association for Lo boro torv Accreditation 

Accredited Air Emission Testing Body 
,A2L.A. has accredited 

MONTROSE AIR QUALITY SERVICES 

In recognition of the successful completion of the joint A2LA and Stack Testing Accreditation Council (STAC) 
evaluation process, this laboratory is accredited to perform testing activities in compliance with 

ASTM D7036:2004 - Standard Practice for Competence of Air Emission Testing Bodies . 

Presented this 5w, day of March 2018. 

President and CEO 

For the Accreditation Council 

Certificate Number 3925.01 
Valid to February 29, 2020 

This accreditation prol]riun is not iru'l11dPd under the A2LA lLAC Afntuat Hecognition Arn1n_gemrnf. 
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SAMPLE LOCATION VERIFICATION DATA 
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REVIEW A.ND CERTIFICATION 

AlJ work, cakulations, and other activities and tasks perfonned and documented in th1s 
report were carrie-,.d out under my di.rt,..-::t1on and s"Jpervision. 

Edward J. Fila de lfia 
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SECTJON 1.0 

INTRODUCHON 

Carnot \Vas contracted by UC Operating Service (TJCOS) to de1em1i.ne the suitabiJity of 
the 2.Jtemate. san-ipie location accessible from the stack irJet duct. Tests were conducted to 
determjne the Jevel of St.lick gas stratification and flow disturbance. The tests were performed 
at this location to satisfy the requirements of alternate sample location CFR 40 Appendix A 
Method 1. The tests \Vere pe.rfonned using the stand.a.rd metl1ods in Chapter X of the 
SCAQ1\ID 1 s Source Test lvfanuaL 

The f1ow disturbance and gaseous stratificatio□ tests were perfon:ne,d O:J June 27-28
1 

1994. The test program was coordinated by Greg Deedon of UCOS and Edward Filadelfia of 
Carnot. The Carnot test team consisted of Edward Filade}.fia, Dave Wonderly) and Chris H:-me. 
Unit operation was established and ma.i.nta.ined by UCOS personnel. 

Tbe results of the tests are SLn1marizeij in Tables 1-} and 1-2. These results sbow tbat 
the sample location r:nr,,ets tlle requirer:Jents of the SCAQMJ) and EPA by demonstrating tbat the 
sL1ck gas str.uification is less tban 10% and the average resultant flow angle is less tha.n 
20 degrees with a st1ndard deviation of less than 10 degrees. 

A description of tbe unit is presente,d L'1 SecUon 2.0. Test proce.dures and locatjons are 
presented in Section 3 .0. Test results are presented in Section 4.0. Tests procedure 
descriptions) field data sheets, calculations, and contro1 room data are included jn the 
Appendices. 

Ii' 
'---- CARfibr 
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• I 

JNTR OD ucn 01V 

TABLE l~l 
SU.MMARY OF GASEOUS STRATJ}7CATI0N 

C0LAlAC E-l'\1RRGY PROJECT 
JULY 1994 

SECTION 1.0 

Unit 1 
Parameter % Stratification 

Unit 2 
% Stratification 

SCA.Ql\ID Li.mit 1 

% 

0.4% 1.0% 

TAI3LE 1•2 
SUMJ\iARi' OF FLOV,1 DISTUR.BAJ'\CE MEA.SlJRE\ifE..?'•ns 

C0L?v1AC &'\'ERGY PROJECT 
JULY 1994 

Unit I Gnit 2 
Pardilleter Measured 1v1easured 

Average Resultant Angle, Degrees 5.6° 5.9" 

Standard Deviation) Degrees 3.3° 4.0° 

J :4:)9il:'.,/R !06E622 T 
g,t""'V \O~~k~ ! ..::, ! y-;~q 
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SCAQ.Mn 
Limit, % 

s20 

EPA Limit 1 

% 

N/A 



UNIT DESCRIPTIQl~ 

n1e Colmac Energy Plant consists of two 297 MJvIBtu/hour, circulating bed boilers, che 
ccmbine.d u:iits are desigrw,d to produce 47 1v1Vv' of net electrical output. Sidi unit is e,quipp::o.,,d 
with tbe fo1Jowi.ng pollution control systems: 

l. 

3. 

l 1 ~on5iR 106Et22.T 

,\n aromorJa i11jection system fer control of I'✓C\ emissions. 

Cyclonic mixi.:Jg of injected ammonia w iltJ flue ga.s to provide for a minu1rnrn 
amount of ammoria slip (emission). 

A limestone injection system to limit emissions of S02, 

/>.. reverse air baghouse to reslrict opacity a.nd em.issjons of sulfates and partJculate 
to very low· levels. 

EJ 
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SECTION 3 _ CJ 

TP~T DES CRIPTJON 

J_ 1 TEST CONDITIONS 

AJJ tests were pe1fonne.d with the unit oper2ti.ng a: fuU load. Tests were conduced while 

the un:it was firing bic mass and operating under normal coDditions. Un.it operatjons were 
cstablisbe.d by UCOS operators. 

J.2 SAMPLE LOCATION 

7vfoasurements rvere made from Units l and 2 inlet ducts to the stack. A schematic of 

the Sample location is shown in Figure J-1. Chapter X sampling consisted cf 40 point traverse 

for stratific2uon, a11d a 42 point traverse for flo\1,; distu:i>anc.es. 

3.3 TEST PROCEDG"RES 

Tests were performed using met.hods from the SCAQJvill 's Source Test }.-fanual These 

methods are containe<l in Chapter X - Section 1 for disturbed flow and Section 13 for gaseous 

stratification. Table 3-1 presents be test methods used in tliis program. 0 1 concentratjons were 

measured usi_ng Carnot's mobile emission r:ncmitoring system. Flow ang}es \Vere rneasured using 

a U:-utul Sensor 3D probe. A~ description of the Camot.'s Continuous Emissions Monitoring 

System and the standard measurement procedures are presented i.o AppendL-x A. A summary of 

the procedures i;sui for gaseous stratifcation and disturbed flow are presented below. 

3. 3. 1 Gaseous Str,i_tification 

Chapter X (1'.Jon-Standasd Jv1ethods a.nc Techniques), Chapter 13 of the SCAQMD Source 

Test rvfariuaJ defines gase.ous stratification as the presence of a difference, in excess of 

10 percent 1 betwe,en any !R10 points in the s;::me cross sectionaJ plane Stratifica:io;1 can be 

detennined for either pollutant gases (e,g ... NC\) or diJue.;;t gases (e.g.: Oi, COJ in units· of' 

conccntra(ion. For this test progra.rn, the cor:centration was used 10 measure the level of 

st2ck gas stratificatio:i. 

------ -------------~-----------------------

G4.Rb 
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TEST DESCRJP770l1i SECTfOh 3.0 

Due tc, va:ri2itions in process C\ concent.rattons, two 0 2 analyzers ·wen:•, used. ·r11e fast 
0 2 analyzer was used as a reference poinr and located at the center of the ducL The second was 
locate...i at 4C traverse points duriJ:g the tesL 'Gases ?,1ere monitored for three minutes at each 
traverse. point 

Pard.ffie:er 

A.ngk 

002AS-541589-P P-169 

Un.its 

01 
iO 

Degrees 

TABLE 3-1 
TEST PROCEDURES 

COL\iAC ENERGY PROJECT 
nrr.,Y t994 

fvfrasmement 
Principie 

Ele,:trocberruc.al 
Call 

3D probe for 
pitch and yaw 
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Reference 
Method 

EPA 3A 

1.1 

Comme,nts 

40 point traverse for gase.ous 
stratification accord mg to 
Chapter X 1 Sect.ion 13 

42 point traverse for 
disturbed flow according to 
Chapter X, Section 1 



4. l GASEOUS STRATIFICATION 

SECTION 4.0 

RESULTS 

TI1e results of the gaseous stratificacion tests are summarized Ln Table 4-1. Hie results sbow that tbe 0 2 czmcentJatjon stratification levels for both sample locations were below the limit of l O %. 

TABLE ~l 
GASEOUS STRATIF1CA TION 
COUvtAC ENTERGY PROJECT 

,TT}L Y 1994 
~~~":!:; .. c:r.:·::-:.~: •. ::=:~.::-4'~~~ ... :~~.-~-xti-.i~ .... ~--1M:.~~.~.:.~:::-r-«:tx~n~~®i.~~~.n..n~;t~-;.a._.1_.~¥ililW~~~~~#~TPBMrW&..tt•it~ F1a.:;1_r11t;ttr r~tTCe~!)t .s:ratitlcati(>n 

Unit l 0 2 , % 
Unit 2 0 2, % 

4.2 FLOW DISTIJRBANCE 

0,4% 

1.0% 

T11e rest1lts of the flow disrllrbance measurcmc □ts made with the 3-dimensionaJ velocjty probe are presented in Table 4-2. The results of these Lem shmv that the average resultant flow angle was below the limit of 20 degrees with a standard deviation of less tban IO degrees for both sa.mp]e locations. 

TABLE 4-2 
FLOV/ DISTIJRBANCE RE.i;ULTS 

COLMAC ENERGY PROJECT 
JULY 1994 

~..:;:::;J:.,,";.~;.:;,1::-:;·.:J~~~-l:~~~Ji~~.::.:~;Th;*-~~-i~Vt"...0-'t.f;:~~t'~~-..'.l.~~~~~~t~~L¼C"~~~~~~~,~t 1r•'a.~~·r:u~nerer l.Jt1Jt :~L) JJr{Jbt 
Avg. Yaw Angle, degrees 
Avg_ Pitch Angle, degn:~es 

Ave. Resultant Angle, degrees 
St.a.ndaJd Deviation l degree.s 

'i I ,.J/J%Si"R 1 vt.£622 T 
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APPENDIX A 

!vtEASUREMENT PROCEDURES 

Contmuous Emiss:on.s Monitoring System 

Oxygen (Oz.) by Comirn.1ous Analyzer 

Tnree-Dime.nsiona.l Velocity Testing 
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Continuous Emissions A-fonitoring System 

0 1 , CO, CC\, NO, N0l and SC\ are measured using an extractive continuous emissions 
monitoring (CEM) package 1 shown in the foLcwing figure. Ths package is comprised of three. basic 
subsystems. They are: (}) the sample 2cquis1tiou and conditioning system, (2) the calibration g.?..'i 
system, and (3) the analyzers thern.selves. Tnis secdo::1 presents 2 dt.scripnon of tbe sainpling 3.nc 
caJibration systems. Descriptions of r.he anaJyzers use...1 in tJiis prograrn and tbe corresponding reference 
:est methods folloP,1. Information regarding quaJity assurance information on the system, including 
calibration routfoes and system perforrnarice data follows. 

The sample ac:quisition and conditioning system cont.ains components to extr;;cr a representative 
s3..;11pie from tbe stack or flue, transport tbe sample r.o the analyz..ers, and remove moisture and particulate 
mat.eria} from tbe sample. In addition to performing the tasks above, tl:e system must preserve the 
measured species and deliver the sampk for analysis inLlict. The sample acquisition system extracts the 
sample through a stainJess steel probe. The probe is imulaled or beaed as :1ecessa.ry to avoid 
wodern:ation, If tbe particulate loading m the stack is bigh, a sintered stainless steel filter is used on t½e 
end of the probe, 

V/here water soluble NO, and/or SO, are tc be measured, the sample is drawn from the probe 
through a beat.e<l tef1on sample line .in10 an on-stack cooled (approximately 3s'--40°F) ·11..'ater removal trap. 
Tbe trap consists of stainkss steel flasks iL a bath of ice and water. This design removes the water vapor 
by cooderu:acion. Tne cont.act between tbe sample and ]iquid water is mi.nirr.ih.ed and tbe soluble N01 and 
SO: are conserved. This system meets tbe req11iremenl«; of EPA Method 20. The sample is tberr drawu 
w..rough a teflon transport Lne, particulate Rlt.er, secm1dary water remov2.l mid i11tc L1e samp]e pump. 
The pump is .a du.2.J bead, diaphragm pump. AJJ sample-wetted cz:mpcneots of the pump are stainless 
steel or tef1oc. Tne presnrize<l sample k.aving tbe pump Dows through a third condensate trap in a 
refrigerated v.·ater bath (;;.:;:]8°F) for fi.I)i rr.oisture. rernovaJ. ,A. drain line and valve are provJdt.d tc 
constantly expel any condensed moisture from tbe dryer at tbs point. After tte dryer, the sample is 
directed into a distribution rnarufoid. Excess saJnple is vented throligh a back-pressure. regularor 1 maintaining a constant pressure of 5-6 ps:g to ilie anaJyz.er rota.meters. 

The calibratio □ system is comprised of two pans: the a.oaJyzer ca!ibratlon, and the system bias 
c.beck (dynamic calibration). The anaJyz,er c2.libration eguipment includes pressurized cylinders of 
certifie..d span gas. Tne gases used are, as a minimum, certified to 1 % by tbe manufacrurer. \Vb.ere 
necessary to comply with reference rnetbod requirements EPA Protocol J gases are used. Tne cylinders 
are e.quippe.d witb pressure regulators whi,::.h s:.:.pply the calibration gas tD tbe analyzers at the same 
pressure and flow r2te as the sample. Tne selection of zero, spa..TJ, or sample gas dLrect.ed to each 
anaJy.2,er is accomplished by operation of t~e samp1e/caJibration selector fotiJJgs. 

Tne system bias check is accornpl ished by transporting L.1e same gases used to zero and spar: the 
anaJyzers to the sa..."nple system as dose as pracric2J to ti1e probe inlet. This is do□ e either by attaching 
the caJibration gas supply line to the probe tep \vitli flexible tubing or by actuation of a solenoid valve 
located at the sample conditioner ime~ (probe exit). The span gas is exposed to u:e same element:i as the. 
sample and the system respoc.se is docume□tec. The analyzer ir:dicatiorn for the system calibration check 
rm.:.st agree within 5 % of tl1e a.oaJ1,_,e.r ca.VibrattoD VaJues are adjustr.d anJ changes/rep.airs are mace to 
tbe system to cornpeIJsate fer any difference i:l analyzer readings. Specific information on the analytic.al 
equipment and test methods us«J is provided fr1 the fol lowing pages. 

UOP?B-1 J409/Rl06E.622T A-2 
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tvf ethod: 

Applicable ReJerence 
Mell:ods: 

Pr inc1plc 

A.nalyze.r · 

Measurement Principle 

Ranges: 

Accuracy: 

Output: 

1.nterf eren ces: 

Response Time: 

Sa..rnpling Procedure: 

AnaJytica.l Procedure: 

Special Calibration 
Procedure: 

'.)OF73·) 1409/R l 06£622. T 

002AS-541589-PP-169 

Oxygen (0:J by Continuous Analyi.e.r 

EPA 3A, EPA 20, ARB 100, BA ST-14~ SCAQldD 100 l 

A sarr:ple is continuo~1sly drnwn from the :lue gas stream, conditioned, 
and conveye-d to the inmument for dire.ct readout cf 0, concenrr2tion. 

Teledyne ModeJ 326A 

Ee.ctrncben-dc;::J cell 

1 % of foll scale 

C-100 mV. linear 

Halogens and halogenated compou □ds wiJl ca·Jse a positive interference. 
.Acid gases wiJl consume tbe fuel cell and ca·use a sicw caJibration drift 

90 % < 7 seconds 

A representative flue gas sarnple is collected and conditioned uswg the 
CHA system described previously. If Method 20 is used, ti1at method's 
specific procedures for selectlng sample poiIJts re used. Otl:erwise, 
stratiftcacioo checks are performed a1 the start of a test progra.rn to select 
single or rr:ultiple-poim sa.111ple 1ocation.s. 

A.n electrocbernicaJ cei1 is used to measure 0 2 concentratbD. Oxygen :n 
lbe flue gas diffuses through a Teflou membrane arid is reduced ou the 
surface of the cathode. A corresponding o:xjdation occurs a: tbe anode 
i,~teru aJ l y, and an cl ectric curre::it is produced t.h at is proportional to tb e 
conc..eJJtratio:c of oxygen. This current is mc..:1Surcd and wr.iditioned by 
tbe instrument ·s e]e.,."tronic circuitry to give an output in percent 0, by 
vo1ume. 

Tiie mea5urement cells used wifa the 0 2 u1.strument have to be replace.d 
OIJ a reguiu basis. After extended use, the cell tend w produce a 
oonline.ar response. ·n1en.>:fore) 2 three-point ell itir2.ticn is perforrne<l ar 
the start of eacb test day to check for linearity. If t½e response is not 
liuear (±_ 2% of scaJe), the cell is replace{] 
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Method: 

Applicable 
Ref. Met.hod: 

Applicability 
of Method: 

Principle: 

Analyzer: 

Sampling Proce.1..fore: 

UOV7B : i409iRIC6E-622.T 

002AS-541589-PP-169 

Three--Dime.ns1onal Vclodty Testuig 

.EPA Met1c,j l, ANSI ASM"2 PTC l J - 1984 

vrr:en .a s2.mple location to be used for velocity or particulate tests dces 
not meet the trcditional Metbod l criteria of being at least rwo duct 
diameters dowr1Stre3ll.1 a1id one-half diameter upstream of any flow 
disturbance. tbis aJtemat.e metbod is used to evaluate the suitability of the 
location. 

A :bree-dimensional velocity probe is used to measure pitcb and yaw 
angle at a min.i.n:;um of 40 traverse points for round ducts and 42 points 
for rectangular ducts. If the average resultaut angle is less than 20'' and 
the standard devi2tion is le.ss than 10", the sample location is deemei 
acceptable. Velocity and particu1ate traverses are then performed at tbe 
same traverse points using standard Method 2 and 5 equipmeIJt and 
p rn cd ur es . 

TDe instrument measures yaw and pitch angles off uid flow, as well 3S 
tota1 and static pres sure.s. 

United Semor Three-Dimensional Duectional Probe 

Each probe has five measuring holes i.n its tip. A centrally located 
pressure hole measures pressure Pl, wbile t\l.'c lateral pressure holes 
rneasure pre.ssures P2 and P3. If t.'1-:le probe is rotated manuaJ1y until P2 
a:nd P3 are 1f.le-ntical as a readout on tbe manome:er, tbe yaw angle of 
flow is the □ indicatf'...d by tbe number cf degrees rotate--d. 

\Vbeu the yaw angle bas been determin~, an additional. differential 
pressure P4 · F5 is measured by pressure boles located abo,:e and below 
tbe tot.al pressure (P 1) hoJe. Pit.ch angle is determined by calcu!atirig 
(P4 - P5)/(Y l - P2) and using tbe calibration data for the individuaJ probe 
and inte.rpolati.ng between tbe bracketing data. At any particular pitcb 
angle, the veloc:t'J pressure coefficiect (Pt - Ps)/(Pl •P2) can also be 
interpolated fror:1 the c.aJibration data and Pt - Ps and Ps cakulated_ 

Note that this probe aJsc aJlows for very ace.crate gas !low 
measurements, in addition to the EPA Metbod I procedures that allow 
it to be used for determination of flow angle. 
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Definitions: 
f\ = Tct.al Pr:::ssure 
P, - St..at:c Pressure 
P3 St.atic Pressure 
F\ :::::: Pitch Pressure 
J\ Pitch Pressure 

P 1 - ?2 = Velocity Head Pressure 

P4 - F\ 

P1 - P-. 
Pitch angle c.:Jculated on calibration curve 

C"'.alculation.s: 

Velocity (fps) in direction of flow 

1 
"Q 92 \ (' ?8 05 \ V :::: 2.90 C,., /ilP T _I~ I ~ I 

.r r\ .i " 
1 P AfW 
\ S I wet I 

where: 
Cp = Pi1ot Calibrar.ion factor 

:'.:l.P = Average velocity, he.ad, iwg (/tiP)2 
T 5 =:: Stack Temperature, 0 R 
P s = Stack Pressure (iwg) 
lvfW,...,; = ]vfolecu]ar weight, wet 

Resultant angle: 

R = I' cos 
1 

(cos¢r.R cos¢?.R)I 
, 0.0175 

where: 
¢1,_.,. = Yaw Augle i.n Radians 
<PP.',; = Pitcb Angle Ln Radians 
R = Resultant Angle in Degre.es 

Pitch Angle Cur. e f-it Equation (Degrees) 

r
P-P\ _ IP--Pi1 1 P-P\ 3 
4 5 I 4 5 j 4 5) ¢ p =- A 1 - ·---·- .,. '½ -- - A.3 -~ 

pl -P,,. P, -P~ l pl -P,., 
\ •/ \ J -tJ \_ .... ,, 

A-6 
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YAW ANGLE 
PROTRACTOR 

PITCH 
PRESSURE 

VEL0Cl1Y 
PRESSURE 

.Figure Five Bole Probe 
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STATIC 
PRESSURE 
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Prnbe 

Bi 

B2 

B3 

B" 

B1 

B6 

~ 
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3-DThIBNSIONA.L VELOCffi1 PROBE 

CALIBRATION FACTORS 
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B-2455 

63.09 

23.69 

24.505 

33 312 

7 .5203 

11.669 

0.997 

7 X 10 3 

3 X 10-: 

8 X 10·1 

1 X lQ·9 

3 X I o-io 

3 X 10·2 

CARb 
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APPENDIX B 

QUALITY ASSUR:t..NCE 
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Append 0: B. 1 

QuaJity Assurance Program Surrun,,.:y 
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QUAUTY ASSURANCE PROGRAM Slll'v1M:ARY .~:JD ARB CERTlflCA T10N 

Carnot ensures the qtiafay and validity of its emission measurement and reportmg procedures 
U-irough a nr>rous q1.JaJity 2.ssu'.·ancc (QA) prograr: Tiie prog~am is developed and admirnstered by a:-i 
rnternaJ QA Officer rnd encompasses seven aJeas: 

1. Deve)opmenr a.Ld use of an interna.J QA rrmrnal. 
2. QA revlcws cf reports, Laboratory work, and fJeJd testing. 
3 ipm(:nt cal ib:-atton and rna intena;::ce. 
4_ Chain of custody. 
'i. TraiJ1ing. 
6. ¥ ..... ,owLxlge of current test method:i. 
7. Ageocy certification. 

Each of tbese a:eas is discussed individuaJ!y beiow. 

OuJlirv ,'\ssurnnc.e MarmaJ. Cunot has preparnj a QA ManuaJ 2.ccording to EPA guide.lines. 
·n1e rna..'1ua.l serves to document and f::irmalize aJI of Cunc,t's QA efforts. The manual is c.or..stanHy 
updated, ar;d eacb member cf the Source Test Division is required w read and understand its contents. 
Tbe manual inc!ude.s details on. :be other six QA areas discussed below . 

. C)/•,. _R_e_y_iews, Carnet's review procedure ir:icludes review of e.ach source test report by the QA 
Officer, and spot check reviev. s of l abc:atcry and field w01 k. 

Tiie most importlr!t review is the ore tbat t.a.kts piac.e befo;e a test program begins. TrH: QA 
Officer works closely with Source, Test Division personnel to prepare and review test protocols. Tes: 
prnlDcol review includes selectior of appropriate test procedures, evaluation of ariy ioterferences or oth.e; 
restrictions that might preclude use cf .standa;d test procedures, and evaluation .and/or development of 
alternate proce.dures. 

Ecuipment. CaJibraiion a..1d MaiDtena.nce. ·n1e equipmeot used to conduct the e.mJSSlOLl 

measurements ls mai.nt.ainc~ according to tbe m;rnufacturer's i.ri.structions to ensu:-e proper cpernricn. Lo 
addition to tbe maintenance program, calibrations a.re c.arriezi ou1 on each mr-asureme.Dt device, 2c.c.ordrng 
to the scbedule outlined by the Califorrua Air Resource-s Boa.rd (CARB). The scbe<luie for maintena.nc.e 
2s,d calibrations are give□ i.n Tables B· 1 and B-2. Quality control cbecks are aJso conducte.d in :he field 
for e2cb test program. The followiJJg is a partial list of checks made F.s part of e,ach CEM system test 
series. 

• Sample acquisit:co anc condit:oning system 1eak check. 

• 2-poin! anal yz,er calibrations (aJl analyzers) 

• 3-poim a.naJyzer ca] :brations (ana.Jyzers with potential for hnearity errors). 

• Comple~c system caJibration check ("dyna.rnic cal:bration· :J:rough entrt- sample 
system). 

UOP7B : 14-0i''R I 06[(22 l B-3 ~ 
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Periodic anaJyzer ca.Lbration checks (once per hour) are cunducted at rhe stan 
and end of each tcsr run. Any change _between pre- and post-rest readi..ngs arc 
re.corded. 

AJI cEJib:-a11ons are conduc\..ed using gases certifie,d by the manufacturer to be + 
l % of label vaJue (NBS trace.able). 

Calibrarioo a.nd CEM performance data are fuLy documentc/2, a.nd are inc]ude..'".l in each source 
rest report. 

Chain of Custody. Carnot maintains fulJ elm.in of custody documentation on aJ) sa..rnples and data 
sheets. 1n addition to normal documentation of cbangcs berv.,ee.n field sarnple custodians, laboratory 
persoonel > a .. nd field test persormel, Carnot docJments every individual who ba.ndles any tes: component 
in tbe field (e.g., probe wa.sb, impLnger rodding and recovery, filter kading and recovery, etc) 

SampJes are stored in a locked area ro which on.ly Source Test Division persotmel bave access_ 
Neither otber Carnot employees nor clea.niog crews have keys to this area. 

Dat.a sheets are copit..-iJ imrnediately 'Jpon retum from the field, and this first generatiou copy is 
placed in 1ocked storage. Any notes mzde on original shee:s are initiaJed and d2ted. 

Training. Perscmnd training is esse:J:ial ro ensure quality testiDg. Ca.JJJOt has fc.rmaJ and informal 
training programs \vbich i..nclude: 

Attendance at EPA-sponsored training courses. 
2. Enrollment jn EPA wrre.spondence courses. 
3. A requirement for all wc.hnicians to re.ad ar;d understand Carnot's Q,A. Jvfarmal. 
4. fn--bouse train11g and QA meetings on a regula.r basis. 
5. Maintenance cf training rewrds. 

Knowledge of Current Test MetJ1ods. \\'itb tbe consi..ant upd atiDg of standard test met._11.ods and 
tbe wide variety of emerging test met.bods, it is essential r.t.at any qualified. source tester keep abrea.sr of 
new de.velop:nenis. Carnot subscribes to services whicb provide updates on EPA and CARB reference 
methods, and on EPA 1 CARD and SCAQ~ID rules and :--egulations. Additionally, source test personnel 
regularly auend and p:eseot. papers at testing and er:rjssion-re1ate-,d semina.rs and conferences, Ca.rTiot 
personnel maintain mernbershp L1 tbe Air and Waste Management Association, tbe Source Evaluation 
Society, and the ASh-1:E Eov:rcnme::itaJ Control Division. 

AGENCY CERTIFICAT;ON 

Carnot is ccnified by the CARB 3S an independent source test contractor for gaseous and 
pa.rticu1ate measurements. Carnot is certified by L"1e SCAQMD as an independent source test contractor_ 
for ga.se-... ous a.nd panicu'.ate measuremems using SCAQI\1.D Metbods l, 2> 3, 4, 5, 6, '/ and lOO.L 
Carnot also p?.rticipatts in EPA QA audit progr?.sns for Met.bods 5, 6 and 7. 

UOP:B• \ l 409/R) 06E.622 .T B-4 
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TA .. BLE B-1 

SA.M:PLfNG INSTR CMENTS A.1'11) F..QUIPJ\1ENT CALIBRATION SCIIBDULE 

As Specified by the CARB 

I.nstrument 
Type 

Orifice Meter 
(large) 

Dry Ga'.i Mett:r 

S-Type Pitot 
(for use with 

EPA-type 

sa....-r1pling train 

Vacuum 

Gauge.s 
Pressure 
Gauges 

Field Barometer 

Temperature 

Measurement 

Temperature 

Readout 
Devices 

Analy,-Jc~J 
Ba.lance 

Probe Nozzles 

Continuous 
ADalyzers 

UOP7 B : l 4;)9/R I 06E627 T 
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Frequency of 

CaJibration 

12 months 

12 mo□tbs or 

when repaired 

6 monfrls 

6 months 

6 rnon:.1s 

6 mcmbs 

6 momb.s 

12 months 
(cbeck prior to 

each use) 

12 Months 

Depends upon 
use, frequency 

211d 
perfom1ance. 

Standard of Comparison or 

Method of Calibration 

Calibrated d:-_y tes~ meter 

CaJibrated dry test meter 

EPA iv1et.l-iod 2 

Manomerer 

Mercur)' barometer 

NBS mercury> tbennomet.er 

or NBS caJ ibrated 
;ila~inu.m RTD 

Prcdsiou potentiometer 

Should be performed by 

rnanufacturer or qualified 

laboratoI)' 

Nozzle diameter check 
micrometer 

As spc-,eined by 
manufacturers operating 

manuals, EPA NBS gases 
2,..nd/or refere.nce metbods 

B-5 
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.A.cceptance Limits 

± 2 % of volume rnea.rnred 

+ 2 % of vo lumc measured 

Cp constant ( + j % ) over 

working range: difference 

between average Cp for each 

leg must be le~'S than 2 % 

± 0.2" Hg 

:l- 4 /;)F for <4O0°E 

± LS% for > 400°F 

± 2 % full scale reading 

± 0 3 mg of stated weight 

Range < ± 0. \ Cl mm for tbree 

measuree1ents 

Satisfy all limits specified in 
operating spedfications 



Equipment 

Pumps 

Flow 
Measuring 

Device 

Sampling 
lnsu-uwents 

Integrate.zi 
Sa:npli.11g 

Tanks 

McbiJe V:m 
Sarcphng 
Systel:r..s 

Sampling 
Lines 

002AS-541589-PP-169 

TABLE B;.2 
EQUIPi\fE.NT MAJJ\TENANCB SCHEDULE 

Based on l\fanufacturc-r's Specific.a.lions and Carnot Experience 

P erfo rrn an ce 
Requirement ;\·1aintena.nce Interval Corrective Action -------------------------------------

l. Absence of [eaks 
2. Abiliry to dn.w 

maiiufacturer 
required vacuum li7d 

now 

l. Free med1arnc2.J 
rr.overnent 

2. Absence of 
m.alfoncrion 

J , A bserice of 
ma]fanctiou 

2. Proper response to 
zero, span gas 

Absence of leaks 

Absence of le.a.ks 

Sample degrndation itss 
than 2 % 

Every 500 hours of 
operaticn or 6 momhs, 
whichever is Jess 

Every 500 hoJrs of 
cperntion or 6 months, 
•;.vbichever is less 

Af1er each test, if used in 
H 2s. sampling or or.her 
corrosive atmospheres 

As required by the 
manufacturer 

Depends on oature of use 

Depends on nature of use. 

l. VisuaJ in.spectior 
2. Clean 
3. Replace worn parts 
4. Leak check 

I. Visual i.nspectiou 
2. Cle:rn 
3. Calibrate 

As re-,e.ommended by 
manufacturer 

l _ Steam clean 
2. Leak check 

L Q1ange fi.l ters 
2. Change gas dryer 
3, Leak check 
4. Check for system 

contamination 

After e.a.cb test or test series Blow fitered air 
through Jiue until dr/ 
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A.RB Certification 
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State of Ca.1 iforn; a 
AIR RESOURCES BOARD 

Execut1ve Order G-94-028 

Approval to Carnot 
To Conduct Testing as an Independent Contractor 

WHEREAS, the Air Resources Board (ARB), pursuant to Section 41512 of the 
California Health and Safety Codei has established the procedures contained 
in Section 9}2O0-91220t Title J7j California Code of Regulations, to allow 
the use of independent testers for compliance tests required by the ARB; and . 
WHERE.AS, pursuant to Sections 91200-9122C, Title ]7 ~ California Code of 
Regulations, the Executive Officer has determined that Carnot meets the 
requirements of the ARB for conducting AijB Test Methods l, 2, 3, 4, 5, 6, 8, 
10, an~ JOO (NOx, 02) when the following conditions are met: 

L Carnot conducts ARB Test Methcd 100 for 02 using a Teledyne 326 2.ri2ly2er 
with either a AS or a 81 sensor, or a paramagnet~c analyzer. 

NOW,- THEREFORE, EE IT ORDERED that Carnot 1 s granted an approval, from the 
date of executlon of this order 1 until June 30) ]995 to ·conduct the tests 
listed above 1 subject to compliance wit~ Secticn 91200-91220, Title 17 1 California Code of Regulations. 

BE IT FURTHER ORDERED that during the approved period the Executive Officer 
or his or her aut~orized representative may field audit one or more tests 
conducted pursuant to this order for eac~ type of testing listed above. 

: . '-; 77.,J 
Executed tn 1 s .,.;;:;:~ L day of 
California. · 

--~--~-/_/_~_.y-____ 1994, at Sacrarnento1 
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_'., :_r_, £_0_,r_c_At_1 F_o_RN_rA ____________________ f~ CE fVE D PETE '.'i LSOII. G<..iv .. n:.or 

AJR RESOURCES BOARD 
2 DZG L STRECT JUL 13 ~ 

CAFH✓OT 
r O BDX 28lS 
SA[;;:t;,>1.[i<~O, CA 95812 

Mr. Michael L. Schmitt 
ca mot 
15991 ~ed Hill Avenue, Suite ]10 
Tustin, California 92680 

Dear Mr. Schmitt: 

Testinq Aor:roval 

We are pleased to inform you that we have renewed your approval to conduct the types of testing listed in the enclosed Executive Order. This approval is va1id- unti1 June 30, 1995 during 1i.·hich-time a field audit of your company's test~ng ability may be conducted. We have also enclosed a certificate of approval. 

Should you have any questions or need further assistance, please 
contact Ms. Kathryn Gvge:'er- at (916) 327-J52J or Mr. David Tribb:e at (916) 323-22J7. All corresponaence should be addressed to me at the post office box above. 

Enclosures 

Sin~eh:, -···-----
/~ ~ -

1/,Jarne~orgester, Chief 
Compliance Division 

cc: Mr. Ed Jeung 
Department ~f Health Services 
Air and Irtdust ia1 Hygiene LaborJtcry 
2151 Berkeley ay 
Berkeley 1 Cali ornia 94704 
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CARNOT 
SPAN GAS.:.8.J;_~QRD 

U' (i::f,:::: - ✓- ,3/"- ,._ ( CLIEN1/LOCATIO!-✓: ___ J_~ __ ,.-·_i'""'---e;. ________ _ DA TE· __ C.:_l:>-_7_/_'r_y.._-Y __ _ 

BY: ___ ( __ :l_~_r..:..., ____ _ 

- .. ,,.,. -~·-· .- ...•.. 

SPAN C YUNDER AUX SPAN CYLINDER GAS 

' 

ZERO 

NOx 

02 

c_,,o 

CO2 

so
2 

._.,.,_, . .,,.,.;.:,:, .... :,, .. .,,.<6-~·=;,<.,>.·--

~'):-~~ 

I 
CYUNDERNO. CONCENTRATION CYLINDER HO. 

<i i.C.:"iJ ~ 

,q A-l 3~J ~- g ?, c·(I fl PL I).. q 0 0 ,I 

t.h ___ ,,,.,,.. •o4-5 <f .J-7 r. 1 -_-:,7 fJ LMc.)\- 7~ t 

'-

T1'\- ,-,..1 o(/55-:J... 7 
2 ::i ,41? ~<-4-fo_s:73.7 

' i 
-:;.•··.·,:d ··<❖ Y·'>< :...:.·,.;· ;-❖.,., 

,;h-:.N."' 

CARNOT 
fNSTRUMENT LINEARfTY 

;11<=· 

ANALY2ER 

o, co., co NOx . 

i 

j 
j 

i 

,.,,.,.,.,,.,, •. ,.,,..,.,""_ ...... ,,-..~.·-

ANAL VZE R Rt\NG E 0 - ') s- - .......... ~ ..... 
c) -(bw ~ -~ 

-
CONCENTHA TICH 

-

47. 5 I 

I A 

',i,_ 4~ 

• 

trlt_,,,, . 
. 

,.,, .,, •• , .... ._.;,.,❖,••··.,:..""-~ 

: 

' 
so: l 

! 
=•-'•·>•·••·--./ 

-
• 

I 

: 
• 

SET TO HIGH STD 
::J-,o- 1 - 2~??, :;-(80-90% OF RANGE) r- -

1 
-

ACTUAL VALUE Of 
1c?J ,4C: LOW SID 

-· li..S•FOUND LOW STD 
/J.1~s {50-60% OF RANGE) 

DIFFERENCE IN% 0, s-OF FULL SCALE 
,,,_-,....,.--,._ 

✓❖S•-,.-:❖>:,-:-:-,,:,;..,.·,:-

. % ERROFi CALCULA TJQN_· 
(AS FOUND. AcnJAL VALUE OF SPAN) 

RANGE 

_,.,...,- - q.~ ,--, 
/, ~7 

--
~i, 1 --

i 

1 ~3 --- -- ··t 
\ 

x 1 oa 

ALLOWABLE DEV/A TfON JS 2% OF FULL SCALE (2 SOU.A.RES ON STR/P Cr/ART), 
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CARNOT 
SPAN GAS RECORD 

UC o c; Co( 14_4..c. CUENT !LOCATION: _______________ _ 0#'~5- 9f DATE: ________ _ 

BY: __ 7) ___ . _V_. __ _ 

~ 
SPAN C YLINDE.R AUX SPAN CYLINDER 

CYl.lNDER NO. CONCEHTRA 110N CYUNDl:R NO. CONCENTRA noN 

ZER~ 

NOx Afl L 1 )t) g-g. r--y A A L/'2 t-t g 0 

02 A<.M- C I.{ f"'1'2 ~ t ,y 4' > i AL~7>-, 
co 

CO2 

so, 
. .. 

CARNOT 
INSTRUMENT UNEARITY 

~=-. ··-,...•..-:.::•w:,.·~·-·:;.,:.·.··-••w••·· ••.;,•::,,-·••--❖••w•••.::;- ·- ·~···-~ 

o. 

ANAL YlER RANGE o-~ s---
SET TO HIGH sm 
(80-90% OF RANGE) 20. 7 'r 
ACTUAL VALUE OF 
LOW STD I '2... 4 S"' 
AS-FOUND LOW STD 
{S0--60¾ OF RANGE) I '1... r'? 

• 

DIFFERENCE !N % I 
OF FUU. SCALE . ) % 

% ERAOR CALCULA T!ON: 
rAs FOUND. ACTUAL VALUE OF SPAN} 

RANGE 

AHAL}7.ER 

co, co NOx 

• 

0-1 0 (.; 

I s:--I RK· 
• I./ 7. 91 

,, 7 ~ C) (.) 

S""% 

X iOO 

'-r1.) / 

("l, ¼ {' 

i so
1 ! 

~ 

I 

'" 

• 

• 

. 

• 
. 

. 

I 

,t.,JLOWABLE DEV/A T!ON 15 2% OF FULL SCALE (2 SQUARES ON STRIP CHART). 

l'.~~~4'ft.;J[B:C£11R?XZ},'1&Td'i11t@f:iL\f5C::t1:tt11t&::'tilBf:#.$;&rteiw;t;t~rrim,~filffilfil(f'0D~'.fli!Eo/JJJlfMJAt1 CAR.ttoT i¼c:'"'"'.'" 
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CARNOT 
CEM PERFORMANCE DATA 

1 c 1 G (::>,8 (7 -1 CL/EN1AOCATiON:___;:_V_)(_ .. _6_-.J_-_C..;:::,vc......J_{,i_;.;;.,.;;...i(-------- DATE: _____ r--~---

AN.ALYZERS: 

MODEL: 

SERIAL NO.: 

LENGTH: 

UNER MATERiAL: J 

HEATED PROBE (YIN): /V'U 

I HEATED LINE (Y/N): 

C- r,i_,, LENGTH; :::, 01 

SYSTEM B lAS Li NE: ;.,__-.f }J----. 

1-, ' 

' : JN SERVJCE (YIN): Vve:> 

cs -c:c= BY: __ _._f_......___j-_,.,,_ ____ _ 

NOx 

/0 \ 

CONDENSER-VACUUM SIDE (CHECK FLOW): L/ 
CONDENSER-PRESSURE SIDE (CHECK FLO_~; V 

CONDENSER TEMPERATIJRE: 4o 
FILTER CONDfTION {COND. OR DATE LAST 
CHA.NG ED): 5 I.) (!-/tj {---

PRE-TEST (cih): 0. 0 O.o 
POST~ TEST (cih}; 

LEAK RA TE (.,/4) = ! 

: POST-TEST{cfh) x 100 ; % 
SYSTEM FLOW RATE (c1m)x60 --~ 

HIGH CAL NOx 

J 
I 

: 

i 

' KNOCK-OUT CONDITION (CHECK Fl O\V): ~ HIGH CAL NO (AS FOUND) 
i 

I cooLANT: -.r:-c c LOW CAL NOx 

l LOW CAL tJO (AS FOUND) 

SAMPLE PRESSUR:;;: SYSTEM RESPONSE TiME CHECK 

SAJv1PLE VACUUM: UPSCALE soc. 

NOx VACUUM: DD\¥NSCALE: se:. 
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/Bl Scott Specialty Gases, Inc. 

CERTIFICATE OF ANALYSIS: EPA PROTOCOL GAS 

Cu~!otner 
CA .. RNOT 
FJCK Jvi.AI}RJCP.L 
l 5991 RED J fill. AVE 
TUSlTN, C/\. 92680 

ANAL YTICA.L INFORMATJON 

.AU!:f) uhontory 
Seen Spe:.cialty Ca.~$ 
2600 Ceion Doo)e\'&rd 
Sa.n u:!rnfildrno. CA 924 l l 

Pur.hsse-Order 1~!8 
Projeo # ,1l1~gc OOJ 

Th.is c,~n.ification was pa-fonned according lo [PA Trnce.:.ibil.Jry Protocol ror A!:.~\ .and Cen.i.Gc.ation of C11sf'..cu: C,d1brJ1Jo11 
$1P.n<lMds, Pro.::edur2 Cl; SepLernbc~r J 991. 

Cylfo dc-r Nu m be i- AlJv1(.;..-'.57 3 9 
Cyliode-r Prern.m:-+ .:woo PSJC 

AN Al YZID C'/Ln,rorR 
Components 
(CARBON DlOXIDE} 
(OXYGEN) 

(1'1tl"'Ogen) 

-D:-,no,, "-"' ~:,, r;'fu>c!.,,,-7=,ui:: i, h,::l{""' l¼pcif • 

Certifkation Date 

Certffied Conrentr:Rtion 
l5.l6 -ll/., 
12.~5 C./o 

R:eJa.nce Ga i 

Er.p. Date 03-15-97 

AvBJ\'Tiail Uncert.sit·tv• 
:i: 1 '%, NJST Tniceahle 

• ,.'.,..t,.l}'TJ:::l) ll::;c-ot!IUll}' u mciillf,, du:1·u;;_i \:,:o',(,, o::,TI,f >¢.YCC', 'l>.+,_,ch :r.. ta.i:: i.n:foc--0 :-C:("'."C'"U -;-.::r,j:zf,: OTTt &: ,..-=<io:o of l~ mc...m.trr:mcm pn:x::e;-.,e1. 

R.EflRENCESTANDARD 
T,:peJSample No... 

m✓JS 
Gl\,1JS 

E:tpinition D~t.c 
0f-9,1 
0f-9-4 

lNSTRffi.-:[£1"1A noN 
losrrumt.nt.f.Mooel/Seri s l # 
C02:.Horiba / OPE-l 35C I 56553901 
02:Hcribli / O.PE-335 / B50557L>42 

Cvlindn Nornher 
A0l8C82 
A6513 

Last Dste Cal.ibnted 
02-22-94 
02<2.S.94 

Concentni.tion 
l &.97 % CO2 IN N2 
12.4 5 % 02 IN ;-;i2 

A.nahtics1 Prindp}e 
NDIR 
Magnet.opnet:tmll..tic 

ANAL VZER READJNGS {Zr-Z.ero Giu .R.=fufi:rentt Gu T=Tt!SI Gas r·=Corn:htion COC'.fficia.1t) 

Compo:ornt.J 

Ca:rbon ;);w,idc: 

~ 

002AS-541589-PP-169 

Firs1 Triad A.:nnJys.is 

lhllt:'. {13-l!.!)4 fu-:sP<>IDM Dtili.Jc mv 

ZJ.= OJ;., Rl .. t;,7 0 TI"' ~5..9 

R.2• 97 Q z::! .. OiXJ n .. t.5 S 

Dt.. 0.00 TJ,:,; 8~.f! RJ"' 97 O 

.t.vi (';!)fl<- of C~ f.)1, l5 16 o,i, 

Dau::C•3--1'>-'r-, 

ZJ>< O(Xl 

Fl..').- 9-1 I 

Z,1s:; 0 00 

Reo-f>Ott"" Un!!.#: tm' 

Rl,. !"41 TI• ~..-t 
ZJ.- DOO Tl• ~~;; 

R~~ Uoru.:mv 
Rl- T:lq 

58 of 94 

Seo'J11d Triad Analysit 

D,,1.r;;. ~Cl'\Jt.L:mv 
Zl., IU"' TI= 

Rl"- l:?• 1.':l .. 

v"' n=- RJ.=. 
A•"f t::•.H:i-:. ,,rc;l,"<l,·(yi 

Ds.l..t:: 

z::i., 

~Do.ha: l:DY 

RI.. 1'1"" 

~ Untl.)'.rm-' 

RJ• n-. 

Calibration Curve-

c-ti,,tlo()= f.x"""Bt'+Cx+::> 
A ~-OOOJC·79'H 

B -o 00{):Y.X,"1 

C::.'()JOOCJ 

. D•'-ZlfJ:).))333 

C~tJ.o.o~ 

A =0.2.'iOO 

B --0 00-lSH, 



IID Scott Specialty Gases, Inc. 
.?-3')'.) CA.Jet~ BOULH•ARD. SAN BE Rf'~RDl~~O, CA S"?-411 

CERTiflCATE OF ANAL YS!S: EPA PROToc·ol GAS 
Cu.'tomer 
CARNOT 
RJCK }.J,Al)RJGAL 
l 599) .R.ED )fil,L A \'1: 
sunr. i 1u 
rusTTN. CA 92611.(.J 

AN.AL YT!CAL INFORMATION 

Asay u!xini:tury 
Scot1 Specialty Gal:t'.S 
260(} Cajm1 8ouJe1 m-d 
S...¾'1 &rmrrdioo, CA 92.J 1 l 

Pim:h.rn:: Or<lcr 19\4 
Pri:,je-ct tJ ~()(,67 O--J9 

------------------------------------This ceruGcm,on was ~ormeJ -hf' •• cording to EPA T~biJi,y Proloc:o1 tO'f Ass.ay arid C.e:nific.atio:n of G:i.seous (1,iibr-1.ninn 
Stand.!rrds, Pr0et.'.du::re G L Sep<c:a1her 1993. 
Cviln<l:er Nur.nb•rr AlM045927 CM1:illc-ation Ihre G3.'.'{0---9~ Exp. ~te 03-~0--97 0mder P~Sl.!n:-+ ) 9(X) PSJG 

A.NAL Y ZED CYLO\ 'D .ER 
Con-i~t.ttts 

(CARBON DIOXIDE) 
(O:KYGEN) 

"Do::<d<ll'.< "1:.:l\ ~~ ;== i, ·t,,:1.::,,oc i ~ '!'si@. 

Certi t'i-e<l Con cc o tr-a ti-m'l. 
:z:LU •;,. 
8.937 % 

Ba!Mce Gu 

..A!uiktic:ftl Dn«·.rtnin"h"' 
:1:: l •;. NIST Trace.3bie 

,. )\1l,t:,'-,*.;c:.) ur=':· it u,.e)us-iVt cf u:,;--.,,._J l::r.,_"""O <::ITTlt &~ ><iuc;.> "1 /=s.\ m,;l~ n:Jcn::o,x =~0 _c::':"' J;_ f_.,~:,.-, 0: UX =~ pro;:= 

REFERf.NCT STASDARD 
T,pc!S.a.ni.ple No. 
CRMJ675 
GMIS 

E;.pi.ratioo. Date 
(){:-9-4 
06-94 

INSTIHJMENT A TYON 
htstro.men t!Modd.r"Si' ri a.I tJ. 
C02:PIRWXI--.ACUBLEJ--"D 
02:.Horioo / Qi"-:'£.J.35 / 850557~2 

C'di.n&-er N rn:n be-r 
Al.MOOl 13-6 
A}Os.68 

um Ihlt.e C.Hbni te-d 
03-24-94 
03-30-94 

Co-a c.eotn t totl 
l•t08 ¾ CO2/NJ 
9 .S 10 '% 02./N2 

Ana.h"cia.f Prindp!.e 
NDIR 
Magoo oprlC'umatic 

Calih l"1:00l!l Curve 
Comp,oll~.au 

Co7bocUKD.idc Doak: Q3...J..(l-94 I ~'"' Ax
4~fu;--'-u"~X 

U"" P.00 

Rl= TJ..9 

v- [J(f) 

R.J= TI.9 

ZJ.~ O.W 

TI,.. 91.1 

TI- fn.'.2 

n ... 92.2 

H..._"t- TI..9 

r~ er\- }0--<;\.1 i~u.r Unin:: ,_,..,.. 

.U'" HO Rl« :}53 J1..- /!YA 
J-U ... 9:,j 

u"' c·oo 

002AS-541589-PP-169 

l:J.-: 0(0 

n ... t:S .3 

TI" Wi4 

:PJ .. 9_~ J 

~ U<>in.·m~ 

RJ~ TI .. 

n.. n-
TJ"" r-:..1~ 
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I Drl.t: ~ <,'Nb;: fflY 

i 7:.¥• Rl•"' 11"' 
; R:-"' 1:1- T;?=: 

I 
Z:'-'"' i3-~ 

A•-g c-,.,__ "1Cl>:#iC:_.-t. 

""t 
A-01)()..W'.1J9-Q 

B •'-COOXl,,775 

C ao0001ft1 

u"-Oot.535 

E .o()00';<:'~2 

C~""'°"' Ax ➔ B 
A•owm 
r, •·() (t~27".\ 

1 
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CARNOT 
J-DIMENSlONAL VELOCITY Pl10IlE CALITIRAT10N 

PlTCH ANGU~ vs. Fl 
PROBE ID: D-2455 
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CARNOT 
3-DL\'.lliNSIONAL VELOCITY :i>ROBE CALIBRATION 

F2 'VS. PffCH ANGLE 
PROBE ID: 11-2455 

---------------~-i,.;to-.1)._.,..,------------------. 

\ 
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APPENDIX C 

DATA SHEETS 

C-1 
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CARNOT 
SAMPUNG POINT LOCATION DATA - EPA METHOD 1 

t,J c...e_;;;- - C~":i / ,4., e <-... 
PL .. A1•-JT: _________________ _ 

(;f ;1-7 /<i <-D/i.TE· ____ _ __ 

LJ' r< I' -f-· 2- c:)u~ r TEST LOCATION: ______________ _ 

( I L l 
,/ £4 C. 

[ /' z_/ j I .,,....., 
( t / ·1 

j 

_J ,--- -----

/ 
0 ~'i 

L) ~ 

r:111 
0 L. 

0 () 

08 

~ {) (7 

') 

7 
Diagrarn of SEompffng Locaticn 

SAMPLE %OF 
POINT DIAMETER 

·- U=PS•·RC:A'•l Die,· ,r-·;1 11 •. ) 7 I 
'"-"'f. , .... j,.( :.:)f,}l,. . .11~~- ------

DOWNSTFlEAM 01ST./DlA .. : _7_/ ___ _ 

'!NCNES .r::RCM Vv'ALL F'LUS 
COUPLING LEN,GTh' 

•••••••~•h= 
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I 

2-
> ; 

~ 
c~ 
.7 

? 
-, 

l 

I 

IN. -FRmA IN. FROM 
NEAR WALL NOZZLE• 

7, <f-
l '· 1- ~-

{D. 3 I J.; 
17, (4- fa~. l<l 

7- f-. )J 

10.\/i -~J: it 
I 

l-1'1, ) <I- C: --;; i 
,_,. , I I 

----~} /~-- $ )..,5 )_ 
.... 

I 
I 

·-· 
____ J 
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CARNOT 
CONTINUOUS EMISSfONS MEASUREMENTS 

AMB!ENT TE!Ji.P,, DBNJB: _r---__ }_I ...... S"--------
BAROMETRIC PRESSURE: __ ;;z._q_1 ....... ' (...._}_r_._J __ _ 

DUCT STATIC PRESSURE: 
- {) .. -) 

---------
FUEL: (~.u /~~ 

TEST NUMBERS: -------------

-,.-,·--- .. _ ...... 

SAMPLE ('i . OFW, UNCORRECTED 
CORRECTED TO 

TEST SA~.1PLE POINT/ ,s.i\.,e-F·· '% DRY ·-·-····-·J 
NO Tlt-J,E COtJD:TION o, ~ 

• 
...,., C() t>!Ox. NO ,·JO., so, co NOx so~ 

• ,,~ ,/ 

AO{,/./'-
,s/ 
/2L1- ¼~ I : 

/-I ~ A 5 j 
I ! 1-1 6, 7 C. c., 

I . 
. '/ 1 

; 

i).··t.-:./ ,q 4- . 

,..-, J 7, { __..,.,--(2:l..1--- Ir.,._, . 
: I )-?-9;;,.,.,- ,13 &,! ; 

,.,,(2 ~-,- l{~') 
_,.-,,-, - .-/- I 
j 7- )..~-7 ...-,/ Ill ~ 

l 

t,O ! 
7 

.,,,~~o I, . 
i . ! 

l )..."?u ,.........- 11 ( 
. l :1 ,} 7 ,,_._ ~') i jL.-J i 

. 

I~ (~S-- C,) 
,,- _.,,,.... 

_ _./ ). ~ ,,.s 
I ) J ),.,/ 

_,/'--1') 4i{l [J 4-- l0i 7 7 
cp?L. ~ r,6- i{v I I J-. ~ f::,,l -----·,.::i.~ . . 

• 1'7 </~~ c.,3 b .-2- I 
. . 

1--, r~ -) A-; (j-·,.-, 

j _,,.--1,)- 1-'f-: ,J ..,__ 

l:Lf Y -~ 0) ( (;,~ -6 c-~- I __ /-1~·r'f 
./ ·) 

1 ! I I l 
I . 

; I 
I 

! •' 

1 ! 
I 

, ,_, ,-•.;.~ .... w•<-.-.,-. ...-..,_.,: •. w:·w 

""'t;!A r: 1,r-. 

,_.L_-_,_.M_,~-_t._,._:-.,.~-----------------------------~-f. 

L.;;;;;:::;;;::;;=,;;;;;;::::;;;;;::::;;===========...:•>=>.~>:<••·-;==•.:.;.;,.>l">O=-,_.,.C:.::=:"iw>·._,__,_.,..,;;;:;;;; ~.,..-.-.. ..• ..;;.:.,..:;;;;;.;:;;;:;:::========;;;;;;;;;;;;;==;::;;;;;;;;::;;;;;;;;::;;;;;;;;;;;;;;:;::;;;;;;;;;:;;;:;;::=:;:;;;;;;;;;;;;:;;;;;;;:;:;;:;;;:;;;;;;;;;;;;;;;;;;;,;;;;,,:;;;;;;;;;;;;;;.111 
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CARNOT 
CONTINUOUS EMISSIONS MEASU_REMENTS 

CUENT · _ _,,,,c/"---L_'i_'..J_
2
_),.__-__ L..c)_r_, _}t._..,.,_~_,.(.~------ AMBIENT TEMP., DB/1NB· -----~----

DATE ~f~> Is/$</-- 8AR01'M~TRJC PRESSURE: ________ _ c::>c::::.---· OPERATOR' ______________ _ DUCT STATIC PnE SSUR-E: ---------TE s T LOCATION.' ___ L,,_,.._
1 
JLJ __ r~-f_·-__ / _____ ~ FUEL: ~.A.) /---f c,.- --

________ .....__ _____ _ 
TEST NUMSERS: __ _,/~--· ...... /_-__ 5_~_~_~-:/-___ _ 

" 

SAMPLE f2c ~ DRY, UNCOHflECTED CORRECTED TO TEST SAMPLE POINT/ _·,- _____ % __ ....... _., DRY t✓O. TI1v1E CONDfTIOf'1 
I NOx • '"J 

¥••-

. o,_ :02 GO NO N0
2 so,, co NOx so, . 

I ,~ 5"4-- ~ 
(~~ 

. 
' ' 

.,., /.,...,. 
6,c ~s-

• 

--') 2 c.:7 / r ✓ ,_.- ' ) 
. /?57 ./ ,. ") ! 

• C ff- {;,3 i 
--~o/.) ..:,,.,I.-..-

l-~;""L,~~ 
C..-3 l,rf-~ C/4-

i l ......--,7 -~· _/ / 7(Ji) 
• • - j •:,() I;, _,,.7 

I/ 1 • i C 2- /' ~:-"1(c) b t,}0 

I 1/ I:::?. 

. 

. 

I I 70 ~,-- c·1 6t7 " 7 --1-r: dJ . i -~ I 4-;/ ps-- C7 t /-.( r ~--1,;rr- I 

! I 

i 

t";l)_4 Dt/-- Crr I e, o :._~~i'6 l 
/"7/~/ f,j~ ' I,.,,. I (, 7 ~2-{ ~, 

; 
1,-ij/ .. [') J--- 6~6 6.~ I I .,......---~! S L'f-
1-1~- . I I j ,.., 

.. w .... r) I G,, 7 L ,7 c4)-?.J_ . 

j 
. 

···---
' 

i 

I ! 
I 

I 

•. 

. 

I l 

I I ' . 
. 

• 

,.,.,..,..._..,,.,,,.,,,, 

1!, ---------------~--~-~----------------!.~ 
COMMENTS: 

L:;;;;:;;;;;;;:;;:;;;:;;;;;;;;:============;;;;;;;;;;;;;::;;;;:=========;;;;;;=======-~-

.f 
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l_j_) 

CARNOT 
CONTn~uous EMISSIONS MEASUREMENTS 

OPEHATOR: 

CL IH✓ T: __ [/( __ ~_--_,'--..1"-) _;.._(._o_)_M_~ _~._c_. _____ _ 

DATE: ____ &""'-:;.,._/-:::k..-;;;;;;..,,h',._,..· /_Cr___.·~¢.._-___ _ 
s;e-2=.-

P,_..$ 

TEST LOCATION: L.lv, f- L (".,),_; f-JQ.,._;;1---

TEST NUMBERS: ( __.. I - 5,/ /7~-
-----'--------~-

AM81E1\'T TEMP. D8Nv8 ______ _ 

BAROME TRiC PRESSURE: ________ _ 

DUCT STATIC PRESSURE: __ ~~----

FUEL: ---------------

TEST SAMPLE 
TlME 

SAMPLE 
POINT/ 

CONDfflON 

(lf,-- DRY, UNCORRECTED 
CORRECTED TO 
_%_,DRY Jo.. i,f"'"t, 

l'<'V 

. CO NOx ) S02 

• 

I.-/·-/ 

.. ?!~- C-2-__b/l 6,i 
----4-G..-..:.....--...:.c:;;;:i,..-.......,_._ __ ----I-~--------'----+-----+-----.------+--+----+------' 

~-- c ·-- f lJ1 6,,l ... ---~__:_..L.t..,.=...4-------+--~-...:=....-+---.---+---~---+--+---+-__;;,_--... -. ..:______ 

-~ F- ~- c(r;; '.s 

i 

' 

l 
; t ! 

~ 

• ! j 

• 

i 

COMMENTS: 

..I 
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CARNOT 
CONTINUOUS EMISSIONS MEASUREMENTS 

/ / / 0 "<'-- /"• "" ) A,,{A,,·'(.,., • CLiEt,-JT. ----=v-1,_, _ __,Jc____......,..___,...1 ,:;...J _. _. --------~ 

DA TE· _ _..;&____,.__(....,.;_,2:____,6~'/___,__7 _f-_____ _ BAROMETRIC PRESSURE: ________ _ 

DUCT STATIC PRESSURE: ________ _ 

FUEL: ----------------TE S1 NUMBERS: 

-
S,MJDLE DRY, UNCORRECTED CORRECTED TO TEST SJ\MPLE f<. eF .,, 

. DRY POINT/ 
-····-···· J<7 

NoOO•••••• ........ • NO. TJME CONDITION , .. , 
c?~ co NOx NO I NOZ so

1 

\,.) 2 co NOx so, 
I ;fe\.,..) _,./,. ")/ ✓ t/ 

I c,y·'-i J: ? I /f .,..,, ~✓-???(i-1~- i/p .. :t ,./ I ~Cf- --,-~-:----/ / v., ........ rr 7, 0 ·1 (Y ,._./-'7l;6 I, 

• 

fr' , . -
7 ? ,.,;~< r 

. 

• 
r-==·4- C:,,4- l,) --~5- I 

9 7/1 /",,,/ p: ·z ; 7.d- I A4-'1./ _/ / 

c<(L- /-

ZJ. 7,. c.) 1 ~i~· F 
,--, 

I ,/ ·_; J_ (.,,r 
·•·r 

-~9 
l 

I !F I 0.J .! ~-7 
t-j'ff / f5._s~ ~ )·1 / c--J : -~4-~- b'. &.) l 
'7;1/ l 

p,_-a C.7 5 '! ._ _,/•· s-··- / ,, & i 
- ; I 

I_._. I 
j 

t; L:j 7 E -3 I l I - __.,.......,- .- 1, ( 7 f ! /7').JlJ , I 
' . 

( c) ~--- (!:' ~ --.,, b,J 7r c) ·-----1D::i !) -L. I 
"l 

I f (.,.ii_) ! / E---~; f_, l.'3 l ' ---~,,..,-1 ci.o &:> ,7,7 
l 

I 
• 

,. 

.........,,., ...... -. .._.....___.-._ ..... i 
I 

._ •• ...,....,_.,_,,.,._............,_,, ........ ..,....~---... ,-·-,✓•❖ ........... ..,, •• , ...... 

--•-•,.,..., . .,,,.,.._,.~·~,-C:Of..1MENFS: 

·-"' 
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CARNOT 
CONTINUOUS EMISSIONS MEASUREMENTS 

C)coc; - Co I Iv\½ :: CUENT: ____________ L_ ____ _ Ai-l1BlE/H TEMP_ DB/\N8: _________ _ 
DAE: ___ &_/_/_~)-_f::----+/_y_(/ ______ _ 

~~ OPERATOR: ____ L_,.... _________ _ DUCT ST,c..TlC PRESSURE: ________ _ 
TEST LOCti,TICN: ____________ _ FUEL -----------------
TEST 1-JUMBERS: -------------

~-· ::;;~<:···~.=».-.··,·:z·~·= ► •··v,,, .,. ,._..,.,,. 

SAMPLE DRY, UNCORFH:CTED CORRECTED TO • TEST SA,MPL.E PO!tH/ (1-Jr. _<>/n ~---· DRY • NO. TiME CONDJT!ON I • 

co r·t✓o l NO, 0 :O, NOx SOJ c;o NOx l so:, 1 ,oov d i ~ r- .)_ D-S-' r (1 7, i r. ~012_ i io, I - I ', Id'>,-;.... -1- '4--~ 
i I ,-----10~ p_ t' --~ [ 

~--: 

1 c11S_~ 1"'- 1 i 

f 

u-> -""' ~ 7,,) ~!~ /r - ~ 

iJ:i~ t}-- )_ ! 
i /---1 J-i 1 ,-n 1 ,,1 

,;.A 

10%,,. 
"'"'""-----\:'"""' I 

I 
.. ~-----··· ~ ·-

j P-( 71, I I~, ) 

I 
---- /().:2-'t-

0: 
r ~,..' 

' ""'' 10}·~~A C --5"-- / q-ll,tp: I 
I -~--f'o-;;L I::,, I 

'O~ ! CJ, l 
·-/en~ C- <L b,C i 

i 

\ ;) ::> 'j__.,.- {- ·3 t'.s-· I L ! ,,.-·;?, J.1)..- "'.L __,,,, I _,, , 

(0 4--~~ C •"· :2. 6 l . I 
__.-.---rJJ (~ ,cf-_J~ C, .Jf--

. 

I 
··-·-,,fJ"'7_,,,- C-'~-'::.--·re~¢. y ( ··74- ; .. 5- ' _..,., : I" I, 

' ! 

• 

I -' 
I 

' t 

l ! '" 

I I r j 
' ! I 

--~ I I 
[ I I J I ~~···-- i 

COMMENTS: f 
~ 

1--
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CARNOT 
CONTfNUOUS EMISSfONS MEASUREMENTS 

I ~.,..-.. \ 

CLIENT' __ L,_!_C_u_~_-_c_ .... _"'1 __ '.)_) /.,_c\._c,_--_:\.: _____ _ 

DA TE: ____ G_,,. _(_'J_J_-,;_/_~_(-______ _ BA.ROMETRiC PRESSURE: ...... . 

OPE RA TOR: ____ c.:::;_.1_·~----··_·--_______ _ DUCT STATIC PRESSURE:-----~---

TEST LOCA TiOf'J: __ c._·:J:0_-f-_· _)e_+ __ ft_~ __ -___ _ 

TEST NUMBERS: 
~)_,.- )-- 5/r-

----------------

N0
2 

: so~ co hJOx SC\ ' 

i 
' 

I : 
·-

I 
I 

i 

I 
! 

,,-· 7,_,;;:>"0 ~------ '1:,3 ,,// t {if/,,;·,-, J•' 

C/1,( C __ · __ . -c. 111" r -- (.\..-..., 1 

·--:-;:::, _,/_.,/ 7/,;~- f, -✓ ), 2- .::_/..___ j" ._, +' ~---..-·---.----------1----..----1-----.----~-------, ····+-----'--"1-----.---------~- I ! ! l 
I 
I 
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0.60 j 1 
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O.S5 g_o 
0.;,6 0.0 

0.60 0.0 

OJll 3,C 

0.60 3.8 
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0.60 3,t 

0.55 4.9 

0 \2 ,! 7 
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0 61 •-◊ 
(J,S,'.) J.l 

0.0 JO 0 
0.0 u 
0~3 5 2 
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039 1.9 

OJ4 00 
0.3l l.l 
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0 35 l0.6 
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0.33 0,0 

O.~l u 
0 40 t.6 

O.J3 Jl.6 
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!lJ4 u. 
0.26 i 6 
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0.18 n 

f.F 
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--0. 7 g 
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J S.00 

2g_35 

Vi::lo;11y 
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(p lpi 
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6i.4 67.2 
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63.2 63.0 

64.4 6H 
65 0 (i5 0 
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(-.6,2 M.1 
67.1 c;1 

&~.1 6£j 0 
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68 ~ 6U 

fl 3 683 
6i.4 oi.3 
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6.6 

6.7 
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6 8 
6.S 
6,S 

RdO.i 

6.4 
6,6 
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6.9 
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6.6 
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6.6 
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6.& 
6.8 

%DUI 
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0.0~/o 
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()0% 

0.0% 
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C 6 
C s 
C 4 

C 3 

C 2 
C l 
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D 

.3 

.g 

0 
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--0.01 
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--0 01 
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0.02 
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-0.06 

--C.03 

-(1 03 
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0.07 

o."oo 
O.(H 

C:.O2 

0.00 

0.00 

O.Oil 

0.02 

0 00 

0.02 

0.02 

0.01 

0.00 

--0.01 
0.00 

Y,rw Angle: 
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B-2D: 
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J95 Oil l 4 5 

0 ss 
G.45 

0, i(l 

0.65 

0.l~ 

0.32 

025 

C-.2.7 

!Hl 

0.3 7 

031 

(L49 

(),4:, 

0.42 

0.39 

0.3~ 

o.:io 
0 25 

Ttrp 

f 

431 

43 i 

417 

4 A Ot.r,ru::< 

-l O ,:kgr= 

~.9 degrt:.u! 

.\ 0 .leg,·= 

p4.p51 F'JU:h 

P!-P1 A.nglt 
lcWG .Jeg. 

--0.09 -5. 5 

--0.lt -(,7 

--0.l! .,61 

--0.lC -6. l 
..(J,07 -U 
-::i.ci -5.1 

C.00 0.0 
0.00 0.0 

0.00 0.0 

0.()0 0.0 
0.00 0.0 

0.00 00 
0.00 0.0 

--0.07 -4.5 
--0 02 -1..S 
-D.C:S ·I.9 
--0.05 ·3.J 
--0 03 . l. ~ 

0 ()6 3 6 
C.05 ."l.2 
{) 06 J.6 

--0.09 .5 S 
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--012. -7.2 
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0.05 3 l 
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0.00 0.0 

-D.OJ -2..1 
0.00 0.0 
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1.00 

J.i.JO 
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J.O<) 
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LOD 
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l 00 
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l.00 
I.DO 
l.00 
l.00 
1.00 

LOO 

J.99 

!.00 

0.99 
lM 
1.00 

LOO 

!.00 

!.00 

1.00 

0.99 
i.00 

LOO 
1.00 
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0.45 
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0 .so 
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G 60 
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0.10 

C.65 

C. 5 7 
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0.32 
0.25> 

0.2.7 
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0.37 

0.3& 
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0.39 
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0.}0 

O.?S 
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t l 
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&.O 
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0.0 

1.0 
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! 5. i 

l.S 
2.9 

3.3 

2.6 

9.~ 

J3 
IU 

lO.O 

L6 
)00 

'.5 1 

7.4 
3.0 

9.0 

JCl 0 

2.J 

1.0 

3 5 

3.J 

1 6 
0.(1 

36 

SF 
?990 

-n.n 
;:9.R4 

6 70 

12..00 
15.CG 

Velocity 

U11COJ"1", ~ A."d,J 
fpt; f,)$ 

65.3 

59 l 

591 

62.3 

M:1 

6U 

65.2 
73.5 

70.E 

66.J 

w.1 i fr; (f,:.,:' r~1 t-.i: ) 

59.'J l fpt 



STRATIFICATION CHECK 

Client~ UCCS COLkfAC 
Proj~-:-t -#: 1409-409&5 

Un.iL No: 2 
Date_ 6/28/94 

Point O1pi 

F5 7 Cl 

F4 6.4 

F3 7.3 
fl 7_0 

Fl 6,7 

E5 6.5 
E4 6.7 

E3 7.1 
E2 6.9 

El 67 
D.5 6.9 
D4 C3 
m 7 .2 

D2 77 
Dl 7.0 

02 Stratification"" 

002AS-541589-PP-169 

Ref O, %) Di.ff Poillt 

7 0 0.0% cs 
65 1.5% C4 
7.4 14% C3 
7.0 0.0% Cl 
6,7 0.0% Cl 
6.5 0.0% B5 
68 1.5% B4 
7.1 0,0% B3 
7,0 1.4% B2 
6 g LY% Bl 
70 1.4% A5 
6.4 1.6%, M 
7.2 0.0% AJ 
7.7 0.0'% A2 
7,0 C.0'%, Al 

LO% 

CARNOT 
15991 Red Hill Me. Suite 110 

Tustin 1 California 91680 
714-159-9520 

FAX 714-259--0372 
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Oi pt 

6.5 
6 t.-.v 

6.5 
6.4 

7A 
6n 

6.2 
6.5 
6,... . I 

6.6 
7 ' 
6.7 

7.4 
6.7 
6.4 

Ref 0, ~Yt Di.ff 

6,4 - L 6 c~'o 
6.6 0.0% 
6.6 1.5% 
6A o_oc10 
7.5 L3% 
6.1 L6°/; 
63 J 6% 
66 U% 
6.8 U% 
67 I.5% 
7.3 2.7% 
G.9 1.9% 
7.5 U% 
6.8 U% 
6.6 3.0%) 
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